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(57) An t^tlcal infomnation recording medium ac- 
Dordirjg to tlie present Invention Ineludee a finst infomia- 
tion recording layer on which information is to be reconJ- 

ed by laserlight; and a second informafion recording lay- 
er on which infomnation is to be recorded by tie iaser 
light Which has passed through the first Infannation re- 
cording iayer. The first Infomiation recording layer in- 
cludes at least one of a reproduction-only area and a 



reoonaling and reproduction area. The second informa- 
tion recording iayer includes a test recording area. At 
least one of the reproduction-only area and the record- 
ing and reproduction area, and the test recording area 
is iDCEted such that one of the reproduction-only area 
and the recording and reproduction area Includes an ar- 
ea of the first infonnalion recording layer through which 
the laser light lor recording Information In the test re- 
cording area passes. 
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TECHNICAL RELD 

[0001 1 TTie present hvention relates to an optical, in- 
formation recDrding medlLirn, an optical Information re- 
cording method and an optical Information recording ap- 
paratus, for optically recording information. In mote de- 
tail, the present invention relates to an optical informa- 
tion recording medium Including a first infonnation re- 
cording layer on which Information is to be recorded by 
laser light and a second information recording layar on 
which infomiation is to be recorded by the laser light 
which has passed through the iirst infonnation recording 
layer; and a method and an apparatus for the optical 
infonnation recording medium. 

BACKGROUND ART 

[0002] Recently, optical discs, optical cards, optical 
tapes and the like have been developed as optical in- 
formation recording media for allowing Information to be 
optically recorded. Among these, optical discs have at- 
tracted attention as optical infonnation recording media 
for allowing a large capaoly of infomnmion to be record- 
ed at high density. 

[0003] One type of rewritabte discs are phase-change 
optical discs. A recording layeriffiedforaphas&change 
optical disc is reverstbly changed to etiher an amor- 
phous state or a ciystaJline state, depending on the con- 
ditions of heating by laser light and the cooling condi- 
tions. The recording layer has different optical constants 
when in an amorphous state from when in a crystalline 
state. Therefore, In the case of a phase-change disc, 
one of thetwo states is selectively fornied in the record- 
ing layer in accordance with information to be recordsd, 
and the resultant optica! change (i.e., achange in trans- 
mittance or reflectance) Is utilized. Thus, Infonnatbn re- 
cordlng and/or reproduction can be performed. In order 
to obtain ■me two states, Infomnation is recorded as fol- 
lows. 

[0004] A recording layer of an optical disc is irradiated 
with puise-type laser light (referred to as a "recording 
pulse") at a power for raising the temperature of the re- 
cording layerto equal to or high er than th e meiti ng point. 
As the laser light passes, the melted portion of the re- 
cording layer is rapidly cooled into a recording mark in 
an amorphous state. Alternatively, the reconiing layer is 
irradiated with focused laser light at a power for rafeing 
the temperature of the recording lay^-to a point equal 
to or higher than the crystallizaitton point but equal to or 
lower than the melting point. Then, the portion of the 
recording layer irradiated with the laser light is placed 
into a crystalline state. 

[0005] An optical disc is a recording medium which fs 
exchangeably mounted with other optical discs on an 
optical disc recording anO reproduction af^aratus. 
Therefore, the optical disc recording and reproduction 



af^aratus needs to stably perfomi recording on or re- 
production from a plurality of optical discs. Even optical 
discs produced underthe samecondltions may have dif- 
ferent recording marls slates or may be differently influ- 

s enoed by themnal InlBfference between recording 
marks, due to different thennal characteristics thereof 
whirfi are caused by dispersions at the time ol produc- 
tion and/or tfrne-wiee changes. This may result in differ- 
ent recording conditions including the recording power 

10 forthe optical disc and the optimum edgepoaition ofthe 
recording pulse. 

[0OQ6] In order to stably record infonnation without 
being influenced by changes in such recording condi- 
tions, an optical disc recording and reproduction appa- 
ls ratus obtains recording conditions before recording in- 
fonnation on an optical disc. Specifically, before record- 
ing information on an optical disc, an optical recording 
and reproduction apparatus performs test recording us- 
ing a speclfb data pattern (referred to as "test infomia- 
so lion"), reproduces the test information, and measures 
the r^roduced signal so as to obtain the recording con- 
dition, This process is referred to as "test recording". Op- 
tical discs have an area used by the test recording, 
which is referred to as an "test recording area". 
25 [00O7] A rewrKable disc has a reproduction-oniy area 
pre-formed in a specific portion. The reproduction-oniy 
area includes convex and concave phase pits. In the re- 
produdion-only area, Infomiation which does not need 
to be rewritten, for example, Infbrmatfon on the optical 
3" disc itsetf or address information, is recorded. This area 
is also refenred to as an "emboss area". 
[0008] An area in wfirch information is recorded by 
forming a recording marit Is referred to as a "recording 
and reproduction area". In the recording and reproduc- 
es tion area, inroimalior which has a possibility of being 
rewritten is recorded. 

[0009] Ageneral rewrilable optical disc has a data ar- 
ea in a central portion in a radial direction thereof, and 
has a lead-in area In a portion internal with respect to 

40 the data area, and e lead-out area in a portion external 
with respect to the data area. In general, an area for 
recording management infomiation of the optical disc 
and/or a test recording area is provided in the lead-in 
area and the lead-out ar9a. 

''s [001 0] Recently, there has been strong demand for 
the optical discs with a higher recording density. In re- 
sponse to this demand, a multi-layer recording medium 
having two or more Infonnation recording layers in a 
tfiicitness direction of the disc is proposed, Infonnation 

so can be recorded on each of the infonnation record ng 
layers. 

[001 1] In such a muttl-layer recording medium, each 
ofthe infomiation recording layers often have different 

recording characteristics. This requires test recording to 
55 be perfomned for each infonnation recording layer. One 
exemplary method of such test recording is disclosed in 
Japanese Laid-Open Publicafion No. 11-3550, 
[0012] However, conventional methods do not con- 
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sider the following phenomenon, When test recording is 
performecf on an information recording layer of a mulfi- 
layer recording medium which is far from the laser inci- 
dence surface (the information recording layer far from 
the laser Incidence surface will be referred to as a "sec- 
ond information recording layer"), the second informa- 
tion recording layer is influenced by the state of an in- 
formation recording layer which is closer to the laser in- 
cidence surface (the information recording layer closer 
to the laser Incidence surface will be referred to as a 
"first inlomiation recording layer"). 
[0013] Laser l^ht used for recording infomation on 
the second Infornnatlon recording layer may become 
non-uniform when the laser light has passed through a 
certain area of the first Information recording layer. In 
this case, test recording would not provide accurate re- 
cording conditions. 

[0014] The light Iransmittance of an Infomatlon re- 
cording layer varies depending on whether infbimatiDn 
is recorded or not in fte recording and r^roduc;tion area 
of the information recording layer Therefore, the 
amount of laser light reaching the second infonnation 
recording layer varies in accordance with the ratio of an 
unrecorded area and a recorded area in a light spot of 
the laser light on the first information recording layer, the 
light spot being formed before the laser light Is used for 
test recording on the second information recording lay- 
er. As a result, accurate recording conditions are not ob- 
tained. 

[0015] The light transmittance of an unrecorded area 
m the recording and reproduction area can be consid- 
ered to be equal to the light transmittance of the repro- 
duction-only area. Hov^ever, the light transmittance ot a 
recorded area in the recording and reproduaion area is 
different from the light transmittance of the reproduction - 
only area. Accordingly, when test recording is performed 
on the second information recording layer, the amount 
of laser light reaching the second information recording 
layer varies siso in accordance with the ratio of the re- 
production-only area and the recording and reproduc- 
tion aroa in a light spot on the Aral infomiation reoording 
layer (and the ratio of the recorded area and the unre- 
corded area in the recording and reproduction area). 
[001B] The second information recording layer is wi- 
fluenced by the state of the first information recording 
layer when information (forexample, user data infomna- 
tion) is recorded in a recording and reproduction area of 
the second information recording layer, as well as at the 
time of test recording. In this case also, infonnation can- 
not be accurately recorded, which reduces the agnal 
quality used for reproducing the recorded Information. 
[0017] The present invention, to solvetheseproblems 
of the prior art, has an objecrrve of accurately obtaining 
optimum recording conditions for an optical Information 
recording medium having two or more Information re- 
cording layers, and another objective of accurately re- 
cording infomnation on each of two or more information 
recording layers of an optical information recording me- 



dium. 

DISCLOSURE OF THE INVENTION 

s [0018] An optical information recording medium ac- 
cording to the present invention includes a first informa- 
tion recording layer on whidi information Is to be record- 
ed by laser light; and aseoond infoimatimi recording lay- 
er on which infonnation is to be reconJed by the laser 

10 light which has passed through the first information re- 
cording layer. The first infomiation reconding layer In- 
cludes at least one of a reproduotion only area and a 
recording and reproduction area. The second infonna- 
tion recording laygr includes a test recording area. At 

IS least one of the reproduction-only area and the record- 
ing and rsproduction area, and the test recording area 
is located such that one of the reproduction-only area 
and the recording and reproduction area includes an ar- 
ea of the first information recording layerthnsugh which 

20 the laser light for recording Infonnriation In the lest re- 
cording area passes. 

[001 9] The optical information recording medium may 
further Include a separation layerfors^atating the first 
infomiation recording layer and the second information 

2s recording layer from each other. The area of the first in- 
fonnation recording layer, through which the laser light 
forrecording information in the test recording area pass- 
es, may extend outward from an outer end of an area of 
thefirst infonnation recording layer conresponding to the 

30 test recording area by a length 5, the length 5 being rep- 
resented by: 

S = d.tan(sin"''(MA/n)), 

where d is a distance in a thici<neES direction between 
the first infonnation recording layer and the second in- 
fomialion recording layer; n is a refractive index of the 
separation layer; and NA Is a numerical aperture of an 
40 objeclhfe lens for focusing the laser light to the test re- 
cording area. 

p)020] The second ^formation recording layer may 
have a data recording area which extends from an end 
of the test reconding area by at least the length 5. 

45 [0021] Ths area of the first infonnation recording lay- 
er, through which the iaserllghtforrecording infonnation 
in the test recording area passes, may extend outward 
from the outer end of the area of the first infonnation 
recording layer corresponding to the test recording area 

so by a length 5'. the length S' being represented by; 

6' = d.tan(sln'\NA/-n» + Sm 

ss where 5m Is a maximum positional offeet distance be- 
tween the first information recording layer and the sec- 
ond information recordirig layer. 
[0022] The second information recording layer may 
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include a data recording area which extends from tlie 
end of the test recording area by at least ttie length S'. 
[0023] An optical Infonnatlon recording medium ac- 
cording to the present invention Includes a first informa- 
tion recording layer on which tntormaiion is to be record- 
ed by laser light; and a second informaTlon recording lay- 
er on which information is to be recorded by the laser 
light which has passed through the first Information re- 
cording layer The first Infoimation recording layer In- 
cludes a prescribed area. The second information re- 
cording layer includes a test recording area. The pre- 
scribed area and the test recording area are located 
such that the prescribed area includes an area of the 
first infomiation recording layer through which the laser 
light for recording Infomnation in the test recording area 
passes. The prescribed area is entirely in a recorded 
state or entirely in art unrecorded state. 
[0024] The prescribed area, when being in an unre- 
corded state, may be a recording prohibited area. 
[00251 The prescribed area, when being in an unre- 
corded state, may be a mirror area. 
[0026] The prescribed area, vhen being in sn unre- 
corded state, may be a lead-in area. 
[0027] The optical infonnafion recording medium may 
further include aseparation layer forseparating the first 
information recording layer and the second infomnation 
recording layer from each other. The area of the first In- 
fomiatton recoRfing layer, through which tne laser light 
for recording information in Hye test recordln g area pass- 
es, may extend outward from an outer end of an area of 
ttie first Information recording layercorreepondingtothe 
test recorcBng area by a length S, the length 5 being rep- 
resented by: 

5=dtan(sin'^(NA/n)). 

where d is a distance in a thickness direction between 
the first information recording layer and the second Bi- 
formation recording layer: n is a refractive Index of the 
separation layer; and NA is a numerical aperture of an 
objective lens for focusing the laser light to the test re- 
cord[r»g area. 

[0028] The second Informafton recording layer may 
have a data recording area which extends from an end 
of the test recording area by at least the length S. 
[0029] The area of the first information recording lay- 
er, through which the laser llghtfor recording information 
in the test recording area passes, may extend outward 
from the outer end of the area of the first information 
recording layer corresponding to the test record ng area 
by a length S', the length 5" being represented by: 

5' = d-tanlsin'^NA/n)) + Sm 

where 6m is a maxamum position^ offset distance be- 
tween the first information recording layer and the sec- 



ond information recording layer. 
[0030] The second information recording layer may 
include a data recording area which e>ttends from the 
end of the test recording area by at least the length 5'. 

5 [0031] An optical information recording medium ac- 
cording tD the present invention includes a first infoma- 
Uon recording layer on which infomnation is to be recorei- 
ed by laser light; and a second infomnation recordi ng lay- 
er on which infbnnation is to be recorded by the laser 

fo light which has passed through the first information re- 
cording layer. The first Information recording layer in- 
cludes a test recording area and a recording and repro- 
duction area. A lic^ttransmittance of an area ofttia first 
information recording layer, through which the laser light 

*5 forrectMxIing information In the test recording area pass- 
es, is different from a light transmittance of an area of 
the first Infonnation recording layer, through which the 
laser light for recording infonnatlon in the recording and 
reproduction area passes, Infomnation for calculating an 

20 Optimum recording condition of at least one of the test 
recording area and the recording and reproduction area 
Is recorded in a specific area of either the first Informa- 
tion recording layer or the second informaCon recording 
layer. 

25 [0032] An optical infomiation recording medium ac- 
cording to the present invention Includes a first informa- 
tion recording layer on which information is to be record- 
ed by laser light; and a second information recording lay- 
er on which infomnation is to be recorded by the laser 

so light which has passed through the first infomnation re- 
cording layer The first Infomnation recording layer in- 
cludes at least one of a reproduction-only area and a 
finst recording and reproduction area. The second Infor- 
mation recording iayer Includes a second recording and 

35 reproduction area. At least one of the reproduclion-only 
area and the first recording and reproduction area, and 
the second recording and reproduction area are located 
such that one cf the reproduction-only area and the first 
recording and reproduction area includes sn area of the 

'to first infomation recording layer through which the laser 
light for recording infonnation in the second recording 
and reproduction area passes. 
[0033] The optical infomiation recording medium may 
further include a separation layerfor separating the first 

■*5 infonnation recording layer and the second Infomnation 
recording layerfrom eadi ether. Tt\e area of the first ii- 
formation recording layer, through which the laser light 
for recording information in the second recording and 
reproduction area passes, may extend outward from an 

50 outer end of an area of the first information recording 
layer corresponding to the second recording and repro- 
duction area by a length 5, the length 8 being represent- 
ed by: 

55 

5 = d-1an (^n NA/n)), 
Where d Is a distance in a thickness direction between 



4 



iISDOCID: <EP ^1318S0eA1J_>. 



7 



EP1 318 509A1 



the first Information recordirg layer and the second in- 
fDmnatton recording layen n is a refractive index of the 
separation layer; and NA is a numerical aperture of an 
objective lens for focLisIng the laser light to the second 
recording and reproduction area. 
[0034] The area of the firsi information recording lay- 
er, through which the laser light for recording Information 
in the second recording and reproduction area passes, 
may extend outward from the outer end of the area of 
the first infomnation recording layer corresponding to the 
second recording and reproduction area by a length S", 
the length S' being represented by: 

5' = dtan(sin"^[NA/n))-i-Sm 

where 5m is a maximum positional offset distance be- 
tween the first information recording layer and the sec- 
ond infomiatiDn recording layer 
[0035] A size of the reproducUorhonly area of the first 
Information recording layer may be zero. 
[0036] An optical informatton recording medium ac- 
cording to the present Invention indudeG a first infomna- 
tion recording layer on which InfomiatiDn is to be record- 
ed by laser light; a second hformation recording layer 
on which information is to be recorded by the laser light 
which has passed through the first infonr^aBon recording 
layer; and a separation layer for separating the first in- 
fomnation recording layer andthe second Infomnation re- 
cording layer from each other. The first Infomnation re- 
cording layer includes at a first test recording area and 
a non-unilorm light prevention area. The second Infor- 
mation recording layer Includes a second test recording 
area. The non-uniform light prevention area.theflrsttest 
recording area and the second test recording area are 
located, such that a distance between the first test re- 
cording area and the second test recorcfing area is 
greater than a length 5, and such that the non unifomi 
light prevention area Includes an area of the first infor- 
mation recording layer through which the laser light for 
recording infonnatlon in the eecond test recording area 
paeeee, the length S being r^resented by: 

S = d.tan(sin"^(NA/n)), 

where d is a distance In athiclcness direction between 
the first infonnation recording layer and the second in- 
fomation recording layer; n Is a refractive Index of the 
separation layer; and NA is a numerical aperture of an 
objective lens for focusing the laser light to the second 
test recording area. 

[0037] The first infomnation recording layer may in- 
clude at least one of a first lead-in area and a first lead- 
out area. The second infonnatlon recording layer may 
include at least one of a second lead-in area and a sec- 
ond lead-out area. The first lead-in area and the second 
lead-in area respectively may include the first test re- 



cording area and the second test recording area, or the 
first tead-ouf area and the second lead-out area respec- 
Bvely include the first test recording areaandthe second 
test recording area. 
s [00381 The non-Uniform light prevention area of the 
first information recordng layer may be a reproduction- 
only area. 

[0039] The non-unifonn light prevention area may be 
an area formed of at least one of the group consisting 

10 of a reproduction-only area, a recording prohibited area, 
. and a mirror area. 

[0040] The area of the first infomnation recording lay- 
er, through which the laser lightfor recording infomnation 
in tie second test recording area passes, nnay extend 

IS outward from an outer end of an area of the first infor- 
mation recording layercorresponding to the second test 
recording area by a length S', the length S' being repre- 
sented by: 

8' = d-tan(sin \NA/n)) + Sm 

where 5m is a maximum positional offeet distance be- 
tween the first information recording layer and the sec- 

^ ond information recording layer. 

[0041 ] The area of the first information recording lay- 
er, through which the laser lightfor recording infomnation 
in Vt\e second test recording area passes, may extend 
outward from an outer end of an area of the fiist infor- 

30 nation recording lay er corresponding to the second test 
recording area by a length 5', the length 8' being repre- 
sented by: 

as 8' = d.tan(sin"'' (NA/n)) + 5m 

where 5m is a maximum positional offset distance be- 
tween the ftrst information recording layer and the sec- 
ond information recording layer 
40 [0042] An optical information recording method ac- 
cording to the present Invention is for an optical infor- 
mation recording medium including a first infonnation 
recording layer on which infonnation is to be recorded 
by laser light; and a second information recording layer 
45 on which infonnation is to be reconied by the laser light 
which has passed through the first information recording 
layer. The first infonnation recording layer includes at 
least one of a reproduction-only area and a recorcfing 
and reproduction area. The second infomiation record- 
so ing layer includes a test recording area. The optical in- 
formation recording method includes the steps of re- 
cording information, in advance, In an area of the first 
infonnation recording layer, through vriiich the laser light 
for recording infonnatlon in the test recording area is to 
Bs pass; and reco rdi ng the I nf omiation in the test recording 
area after the step of recording the infonnation In ad- 
vance. 

IP043] The optical infonnatlon recording method may 
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further include a separation layer for separating the first 
informatian recording ayerandthe second informatioi^ 
recording layer from each other The area of ttie first in- 
formation recording layer, through wtiich the laser light 
forrecordlng Information Irithe test recording area pass- 
es, may extend outward from an outer end of an area of 
the first intomiation recording layercorresponding to the 
test recording area by a length fi, the length 5 being 
resented by: 

6 = d-tan(sln"''(l\tA/n)), 

where d is a dietance in a thickness direction between 
the first information nscording layer and the second in- 
fomnatton recording layer; n is a refractive index of the 
separation layer; and NA is a numerical aperture of an 
objective lens for focusing the laser light to the test re- 
cording area. 

[0044] The area of the first intonnatlcm recording lay- 
er, through which the laser light for racordhg Information 
in the test recording area passes, may eictend outward 
from the outer end of the area of the first infonnation 
recording layercon-espondhg to the test recordrg area 
by a length 5", the lengtJi 5" being represHited by: 

5' =d-tan (sln'''[NA/n5) + 6m 

wiiera 6m ie a maximum positional offset distance be- 
tween the first Infonmation recording layer and the sec- 
ond Information recording layer. 
[0CM5] The Information which Is recorded in advance 
may be infonmation obtained by modulating dummy in- 
fomiatlon. 

[0046] The step of recording the infomiatfon in ad- 
varice may include the step of recording using a certifi- 
cation step. 

10047] An optical infonnation recording method ac- 
cording to the present invention is for an optical infor- 
mation recording medium including a fiist infomnadon 
recording layer on which infomiation is to ba recoided 
by laser light; and a second infomnation recording layer 
on which information is to be recorded l3y the laser light 
which has passed through the first infomnation recording 
layer. The first infomnation recording layer includes at 
least one of a reproduction-only area and a recording 
and reproduction area. The second infonnation raoond- 
ing layer includes a test recording area. The optical in- 
formation recording method includes the steps of deter- 
mining whether an area of the first infonnation recording 
layer, through which the laser light for recording infor- 
mation In the test recording area passes, is an area of 
one of the reproduction-only area andthe recording and 
reproduction area which is an unrecorded stale or an 
area of the recording and reproducfion area wWch is in 
a recorded state; executing test recofdng In the test re- 
cording area so as to obtain a recording condition; and 



calculating an optimum recording condition forthe sec- 
ond information recording iayer based on the result of 
the detemiinatlm and the obtained recording condition. 
^048] The optical infonnation reconding medium may 

s further Include a separation layerfor separating the first 
infonnation recording layer and the second information 
recording layer from each other, The area of the first in- 
formation recording layer, through which the laeer light 
forrecording information in the test recording areapass- 

10 es, may extend outward from an outer end of an area of 
theflrst Information recording layercorresponding to the 
test recording area by a length 5, the length 5 being rep- 
resented by: 

15 

5 = d-tan (sin'VNA/n)), 

where d is a distance in a thickness direction between 
the first information recording layer and the second in- 
20 fomnafion recording layer; n is a refractive Index of the 
separation layen and NA Is a numerical s^erture of an 
objective lens for focusing the laser light to the second 
recording and reproduction area. 
[0049] The area of the first information recording lay- 
as er. through which the laser lightforrecording infomnation 
In the test recording area passes, may extend outward 
from the outer end of the area of the first Infonnation 
recording layercorresponding to the test recording area 
by a length 6'. the length S* b^ng represented by: 

30 

S' = d-tan(sin"'{IViA/n)) + Sm 

where 5m is a maximum posiQonBl offset distance be- 

35 tween the first information recording layer and the sec- 
ond information recording layer. 
[0050] The infonnationfbrcalculatingfheoptlmum re- 
Dording condition may be recorded in a specific area of 
the first infonnation recording layer and ttie second fti- 

40 fonnation recording layer. 

[0051] An optical information recording apparatus ac- 
cording to the present invention is for an optical infor- 
mation recording medium including a first information 
recording layer on which infonnation is to be recorded 

■« by laser light; and a second infonnation recording layer 
on which infoimation is to be recorded by the laser light 
which has passed throu^the first infonnation recording 
layer. The second infomiatton recording layer Includes 
a test recording area. The optical information recording 

50 apparatus Includes an interference area determination 
section for determining an area of the first information 
recording layerthrough which the laser light for record- 
ing infomnatbn in tiietest recording area passes; a re- 
corJod/unreoorded state determination section for de- 

ss termining whether the area of the first information re- 
cording layer, through which the laser light for recording 
infonnation in the test recording area passes, Is in a re- 
corded state or In an unrecorded state; and a recording 
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section for recording a signal In thd area of the first in- 
fonnatlon recording layer, through which the laser light 
for recording infomnation in the test recording area pass- 
es, based on the results of the determinadon of the in- 
terferencse area determination sectbn and the recorded/ 
unrecorded state detsnnlnatlan section. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0052] 

FlgurG 1 shows an extemai view of an optical infor- 
mation recording mediuni according to the present 
invention. 

Figure 2 is a cross-sectional view of the optical in- 
formation recording medium according to the 
present invention. 

Figures showsafomat of afirst infomnation record- 
ing layer and a second hformatton recording layer 
according to Exentple 1 of the present invention. 

Rgure 4 shows a fomn at of a first information record- 
ing layer and a second information recording layer 
of a comparathre example. 

Rgure 5 shows ths length of a light spot of the first 
Infonnatlon recording layer(l.e., an area of the first 
itifonnation recording layer, through whteh laser 
light passes) according to the present Invention. 

Figure 6 shows aformat of a first Inf ormatbn record- 
ing layer and a second hformatlon recording layer 
according to a modified example of Example 1 . 

Figure 7 sh ows a f onmat of a f i rst Information record- 
ing layer and a second information recording layer 
aooording to Example 2 of the present invention. 

Figure 8 shows a format of a first information record- 
ing layer and a second information recording layer 
according to Example 3 of the present Invention. 

Figure 9 Is a block diagram of an optical infomnation 
recording apparatus lor creating an optical informa- 
tion recording medium according to Example 3 of 
the present invention. 

Figure 10 shows a format of a first infomatlon re- 
cording layer and a second infomiation recording 
layer according to Example 4 of the present inven- 
tion. 

Figure 11 shows a fomiat of a first information re- 
cording layer and a second infonnation recording 
layer according to Example 5 of the present inven- 
tion. 



Figure 12 shows a format of a first information re- 
cording layer and a second infonnation recording 
layer according to Example 6 of the present inven- 
tion. 

5 

Figure 13 shows a fonnat of a plurality of infomna- 
Bon recording layers according to Example 7 of the 
present invention. 

10 Figure 14 shows a format of a first information re- 
cording layer and a second information recording 
layer according to Example 8 of the present Inven- 
tion. 

« BEST MODE FOR CARRYING OUT THE iNVENTlON 

[O0S3] Hereinafter, the present invention will be de- 
scribed by way of illustrative examples with reference to 
attached drawings. 

20 

(Example 1) 

[0054] This example relates to an optical information 
recording medium wth which accurate recording condi- 

25 tions can be obtained by the test recording. 

[0055] Figure 1 is an external view of an opticai infor- 
mation recording medium 100 according to the present 
invention. Hereinafter, the optical disc 100 will be used 
as a specVic example of the optical infonnation record- 

30 ing medium 100. 

[0056] Figure 2 Is across-sectlonalvtew illustrating a 
structure of the optical Information recording medium or 
the optical disc 100. The optical disc 100 has a multi- 
layer structure. As shown tn Figure 2, the optical disc 

35 100 includes an incidence surface 1 10, a first informa- 
tion recording layer 120, a second information recording 
layer 130, and a separation layer 150 for separating the 
first informalion recording layer 120 and the second in- 
formation recording layer 130 from each other. 

-ffl [0057] The first information raeording layer 120 and 
ths second Infonnation recording layer 130 are fonmsd 
by pre-forming a groove or a phase pit In a first substrate 
140 and a second sulistrate 145 respectively, and then 
fomning a protective layer, a recording layer, a reflective 

45 layer and the like thereon. The resultant first substrate 
140 and the resuifant second substrate 145 are botKied 
together with an ultraviolet-curable resin or the like, so 
as to form the separation layerlSO.Theseparatlon layer 
150 separates the first infonnation recording layer 120 

so and the second information recording layer 130 from 
each other. 

[0058] Laser light 170 is focused by an objective lens 
160 and then is incident on the incidence surface 110. 
The laser light 170 records information on the infonna- 
ss tion recording layers. Figure 2 shows a state where In- 
formation is recorded on the second information record- 
ing layer 130 by the laser light 170 which has passed 
through the first infoimatlon recording layer 120. 
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[0059] Next, a format of the optical disc 100 used in 
tliis Gxample will be described. 
[0060] FIgureSshows aformat of the first information 
recordhg layer 1 20 and the second information record- 
ing layer 130. Rgure 3 shows the format In a radial dl- 
recaion of the disc from the center of the optical disc 1 00 . 
The cento- of the optical disc 100 is represented by "0" 
in the radial direction. The cfistance along the arrow la- 
tjeled as 'radial direction" indicates distance from the 
center of the opiical disc 100. The left side of the figure 
represents the inner side of the optical disc 100, and the 
right side of the figure represents the outer side of the 
opiical disc 100. in Figures, it is assumed that laser light 
is directed toward the optical disc 100 from the bottom 
portion of the figure. 

[0061] The first information recording layer 120 In- 
cludes a first reproduction-only area (ROM) 122 and a 
first recording and reproduction area (RAM) 124. The 
first recording and reproduction area 124 includes afirst 
test recording area fTEST) 126 and a first data recording 
area (DATA) 128. In Figure 3, the first information re- 
cording iayer120 includes the first reproduction-only ar- 
ea 122, the first test recording area 126, and the firet 
data recording area 128 in that orderfrom the inner por- 
tion thereof. 

[0062] The second information recording layer 1 30 in- 
cludes a second reproduction-only area (ROI«) 132 and 
a second recording and reproduction area (RAM) 134. 
The second recording and reproduMlon area 134 Si- 
ctudes a second test recording area (TEST) 136 and a 
second data recording area (DATA) 138. An area 133 
between the second reproduction-oniy area 132 and the 
second test recording area 136 Is, for example, an un- 
used area which has not been used. In Figure 3, the 
second information recording layer 130 Includes the 
second reproduction-only area 132, the unused area 
133, the second test recording area 136, andthesecond 
data recording area 1 38 in that order from the Inner por- 
tion thereof. 

P063] In the first reproduction-only area 122 and the 
second reproduction-only area 132, a phase pit an-ay 

representing information is formed. In the first recording 
and reproduction area 124 and the second recording 
end reproduction area 134, grooves representing infor- 
mation are formed. 

[0064] In this speciflcatiofj, it is assunned that in a re- 
production-only area, information which does not need 
to be rewritten, for example, information of the optical 
disc itsetf or address infonnation, is recorded. By con- 
trast, ft Is also assumed that In a recording and repro- 
duction area, infomiatlon which has a high possibility of 
being rewritten b recorded. Since different types of In- 
fomiatbn are recorded in the reproduction-only area 
and In the recording and reproduction area, the infonna- 
tion is recorded in different foms in the reproduction- 
only area and in the recording and reproduction area as 
described above. In the refa-oductlon-only area, infor- 
mation which does not need to be rewritten is recorded. 
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Therefore, such infonnation is recorded with a phase pit 
array simultaneously with the formation of the sub- 
strate. In the recording and reproduction area, informa- 
tion which has a high possibility of being rewritten is re- 
5 corded. Therefore, Information Is recwded in the form 
of a recording marit on the recording layer wltich is 
formed on the grooves. 

[0065] In thb specification, a test recording area is 
used forperfotming test recordingon thelnfomiatiDn re- 
10 conding layer Including the test recording area. A data 
reconding area is used for recording us& data Infomia- 

tion. 

[0066] In this example, the first infonnation recordiig 
layer 120 and the second information recording layer 
« ISDareprovidedfromthscenterofthediscsubstantially 
parallel to each other and have eubstanfiafiy tte same 
length as each other. 

[0067] Throughoutthisspecificatlon.fcreasierunder- 
standlng of the Invention, when the optical information 

■20 rec»rding medium includes Vho infomiation recording 
layers, the information recording layer which Is closerto 
the incidence side of the optical Information recording 
medium Is referred to as the "first information recortfing 
layer" , and the information recording layer which is far- 

^5 ther from the incidence side of the optical information 
recording medium is referred to as the "second Informa- 
tion recording layer". As described In detail below, the 
number of the information recording layers of the optical 
Infonnation recording medium is not limited to two. The 

30 present invention is applicable to an optical Infomiation 
recording medium having a plurality of Information re- 
cording layers. 

[0068] Returning to Figure 3, ttie format of the optical 
disc 100 will be described. 

35 [OQQS] The first recording and reproduction area 124 
of the first infonnation recording layer 120 extends from 
position rl to an outer perifrfieiy of the opticat disc IM, 
[0070] The second test recording area 136 of the sec- 
ond hformallon recording layer 130 extends from posi- 

■M) tlon i£ by distance a. 

[0071] The startpoht of the first recording and repro- 
duction area 124 Is doser to the center of the disc by 
length Sthan the start point of the second test recording 
area 136. In tills specification, a "start point" of an area 

''s refers to the point in an area having the shortest distance 
from the center of the disc, and a "termination poinf of 
an area refers to the point in an area having the longest 
distance from the center of the disc. 
[0072] Here, it Is assumed that Information is recond- 

«o ed in the second test recording area 1 36 in o rder to per- 
form test recording of the second infonnation reoorxiing 
lay^ 130. 

[0073] The laser light 170 for recording infonnation in 
the second test recording area 136 passes through the 
55 first inforniatlDn recording tayer12a. Sincethe laserlight 
170 is focused after being incident, an area (light spot) 
175 of the first Information recording layer, through 
which the laser light 170 passes, Is larger than the sec- 
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ondtest recording area 136. in this example, the optical 
disc 100 is structured such that tlie first recording and 
reproductiori area 124 includes the area 175 of the first 
InTormation recording layer 120 through whbh the laser 
itght 170 passes for recording information In the second 
lest recording area 136, For this reason, the start point 
of the first recording and reproduction layer 124 is closer 
to the center of the disc by length 5 than the start point 
of the second test recording area 136. In Figures, only 
the laser light 170 incident in a porton internal to the 
second teat recording area 136 is considered. The rea- 
son is that, since in this structure, the first recording and 
reproduction area 124 extends from the start point of the 
first test recording area 126 to the outer periphery of the 
disc, It Is not necessary Id consider the laser light 170 
incident in a portion externsttothe second test recording 
area 136. 

[0074] The length of the area ITS of thefirst informa- 
tion recording layer 120, through which the laser light 
170 which Is to be focused in the second lest recording 
area 136 passes, equals 5 -i- a+5. Namely, the area 175 
includes an area corresponding to the second test re- 
cording area 136 having the length a and two areas re- 
spectively extending fronn an inner end and an outer end 
of the above-mentioned area toward the center of the 
disc and the outer periphery of tiie disc, each extending 
area having length 5. As described above, such a size 
of the area 175 results franlhe fact that the diameter of 
ttie spot of the laser light 170 at thefirst information re- 
cording layer 120 Is greater than that at the second in- 
formation recording layerl 30. Inthe case where ttiefirst 
recording and raproduction area 124 and the second 
test recording area 136 are located such that the first 
recording and reproduction area 124 includes at least 
the area 175, the laser light 170 passes through only the 
first recording and reproduction area 124 when passing 
through the first information recording layer 120 in the 
test recording peifomned using the second test record- 
ing area 136. 

[0075] As described above, the first recording and re- 
production area124 and the second test recording area 
13S are located such that the laser light 170 passes 
through only the first recording and reproduction area 
124 when passing through the first information record- 
ing layer 120 in the test recording performed onthe sec- 
ond test recording area 1 36. The reasons are as follows. 
[00761 A recording and reproduction area and a re- 
production-only area are fomned in different fornis. 
Therefore, the light transmittance of the recording and 
reproduction area may sometimes be different from the 
light transmittance of the reproduction-only area. When 
laser light passes through both the reproduction-only ar- 
ea and the recording and reproduction area In this case, 
a component of light passing through the reproduction- 
only area and reaching the second information record- 
ing layer and a component oT light passing through the 
recording and reproduction area and reaching the sec- 
ond infonnation recording layer will have different 



amounts. 

[0077] The light transmittance of an unrecorded area 
in the recording and reproduction area can be consid- 
ered to be equal to the light transmittance of the repro- 

s duciion-oniy area. However, when the recording and re- 
production area has inlormation recorded therein, the 
light transmittance of a recorded area in the recording 
and reproduction area is different from the light trans- 
mittance of the reproduction-only area. Accordingly, 

io when information is recorded in the recording and re- 
production area of the first infonnation recording layer, 
the light transmittance is different between the repro- 
duction-only area 122 and the recording and reproduc- 
tion area 124 of thefirst Information recording layer 120. 

15 [0078] in a recording and reproduction area, a record- 
ing mark (in an amorphous state) is fonned. When the 
recording marie is fonned, the light transmittance of the 
reconJing and repnsduction area is raised in some cases 
and is reduced in other cases. Hereinafter, the case 

20 where the lighttransmittance is raised will be described. 
In this case, the amount of light transmitted through the 
recording and reproduction area is larger than amount 
of light transmitted through the reproduction-only area. 
[0079] Forcomparison, Flgure4showsafomatof an 
optical disc 400 in which at Irst infonnation recording lay- 
er and a second infonnation recording layer have the 
same fomiat. 

[0030] The optical disc 400 includes a first infonnation 
recording layer 420, a second infonnation recording lay- 
so er 430, and a separation layer 450 for separating the 
first infomiation recording layer 420 widthe second in- 
fonnation recording layer 430 from each other, 
[0081] The first information recording layer 420 in- 
cludes a first reproduction-only area (ROM) 422 and a 
35 first recording and reproduction area (RAM) 424. The 
first recording and reproduction area 424 includes afirst 
test record Ing area (TEST) 426 and a first data recording 
area (DATA) 428. 

[0082] The second infonnation recording Iayer430 in- 

40 eludes a second reproduction-only area (ROM) 432 and 
a second recording and reproduction area (RAM) 434. 
The second recording and reproduction area 434 in- 
cludes a second test recording area (TEST) 436 and a 
second data recording area (DATA) 438. 

^ [0083] In this comparative example, the fomiat of the 
first infonnation recording layer 420 is the same as that 
of the second infonnation recording layer 430. There- 
fore, the start point rl' of the first recording and repro- 
duction area 424 is the same as the start point r2' of tie 

so second test recording area 436. 

[0084] In this case, when laeerlight 470 is incident on 
the Innemnost portion of the second test recording area 
436 (i.e., the left end of the second test recording area 
436 as shown in Rgure 4) for test recording of the seo- 

ss end Information recording layer 430, half of the laser 
light 470 incident on thefirst information recording layer 
420 is transmitted through the nist reproduction-only ar- 
ea 422. 
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[0085] As a result, the amount of laser light 470 pass- 
ing through the first reproducScin-oniy area 422 and 
reaching the second information recording layer 430 is 
different from the ^ount of laser light 470 passing 
through the first recording and reproduction area 424 s 
and reaching the second information recording layer 
430. Therefore, accurate test recording cannot be per- 
formed. For example, when the light transmfttanoe of the 
recording and reproducdon area ie higher than the 11^ 
transmittance of the reproduction-onl/ area, recording io 
power which is greater than the recording power of the 
laser light passing through the reproduction-only area ie 
determined to be the desired recording power 
[008S] Accordingly, whgn test recording is perfonned 
using the innermost portion ofthesecondtestrecording 15 
area 43S (i.e., the left end of the second test recording 
area 436 in Figure 4) in order to obtain the desired re- 
cording power, recording power which Is greater than 
the appropriate iBcordingpowerisprovided as the resuft 
of the test recording result. Therefore, actual data is re- 20 
corded at excessively high recording power 
[0087] Moreover, the amount of the laser light 470 
reaching the second infomnation recording layer 430 
varies in accordance with the ratio of the laser light 470 
transmitted through the first repnsduction-only area 422 25 
with respect to the entire laser light 470 used for record- 
ing infomation in the second test recording area 436. 
As a result, the test recording result varies in accord- 
ance with the position of the second lest recording ^a 
436 in Which information is recorded. ao 
[O0S8] By contrast, with the fomat according to this 
example shown in Figure 3, the laser light 170 Is not 
influenced by the first reproduction-onV area 122 re- 
gard less of the position in the second test recording ares 
136 at which test recorelmg is perfonmed. Accordingly, as 
accurate recording conditions ane obtained by the test 
recording. 

[0089] Hereinafter, with reference to Figure 5, expan- 
eior of the light spot 175 on the first Information record- 
ing layer ISO will be described in detail. Figure 5 shows 40 
the length of the light spot 175 on the first intwmation 
recording laser 120 when the laser light 170 is focused 
on the second infomnation recording iayerlSO. Here, for 
simpler explanation, the laser light 170 is focused onto 
a focal point 172 on the second information recording ■ts 
layer 130. In this state, the angle e at which the laser 
light 1 70 is focused onto the focal point 172 is: 

G=sin-\NAfti). so 

p)090] Where the distance in the thickness direction 
of the disc between the first infomnation recording layer 
120 and the second information recording layer 130 is 
d, the numerical aperture of the objective lens 160 is ss 
NA, and the refractive index of the separation layer 150 
is n, the radius S of the light spot 175 on the first infor- 
mation recording layer 120 is represented by: 



5 = d-tan9 = d-tan(sin"'' (rWn)). 

[0091] From this, as long as the start point of the first 
test recording area 126 In Figure 3 is away from the start 
point Qf the second test recording area 136 by at least 
length 6 represented by the above expression, the first 
recording and reproduction area 124 Includes the light 
spot 175 of the laser light 170 on the finst infonnation 
recording layer 120. In thb case, accurate recording 
conditions can be obtained by the test recording. 
[0092] As described above, the optical Information re- 
cording, medium 100 according to this example is struc- 
tured such that the first recording and reproduction area 
124 includes the area 175 of the first information record- 
ing layer 120 of the laser light 170 for recording infor- 
mation In the second test recording area 136 passes. 
Therefore, accurate recording conditions can be ob- 
tained by thG test recording. 
[0093] In Figure 3, the area between the second re- 
production-only area 132 and the secondtest recording 
area 136 Is the unused area 133. The present Invention 
is not limited to this. 

[0094] For example, as shown in Figure 6, the unused 
area 133 may be replaced with a third data recording 
area 137. in this case, the length of the data recording 
area 137 is at least equal to length 6. An optical disc 600 
shown in Figure 6 has the same fomiat as that of the 
optical disc 100 shown in Figure 3 except that the un- 
used area 133 is replaced with the third data recording 
area 137. Such a fomiat can expand the data recording 
area oompaiadto that of the disc 100 shown in Figures. 

(Example 2) 

[0095] In this example, a case where the center of the 
two information recording layers are offset with respect 
to each other will be described. 
[0096] tn actual production of a multi-layer recording 
medium, a plurality of information recording layers may 
be sometimes positlonally offset with respect to each 
other when the Information recording layers are bonded 
together. When the start points of tiie test recording ar- 
eas are offset with respect to each other due to the po- 
sitional offset between the information recording layers! 
ihe length S considered in Example 1 is notsumdent In 
this example, the effect of the present invention Is pro- 
vided even when the distances of the two inlomiation 
recording layers from the center of the disc are different 
from each other. 

[0097] Figure 7 shows a f omriat of an optical disc 700 
In which a first information recording layer 720 and a 
second infoimadon recording layer 730 are offset with 
reject to each other by Sm. 
[0098] The optical disc TOO includes the first inlomia- 
tion recording layCT720, the second infonnation record- 
ing layer 730, and a separation layer 750 for separating 
the first informaition recording layer 720 and the second 
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Information recording layer 730 from each other. 
[0099] The first infotmation recording layer 720 in- 
cludes a first reproduction-only area (ROM) 722 and a 
first recording and reproduction area (F^AM) 724. The 
first recording and reproduction area 724 Includes a first s 
test recording area (TEST) 726 and a first data recording 
area (DATA) 728. In Figjre 7, the first inforrralion re- 
cording layer 720 includes the first reproduction-only ar- 
ea 722, the first test recording area 726, and the first 
data recording area 728 in that orderfrom the inner por^ io 
tion thereof. 

[Q1 00] The second infonnation recording layer 730 in- 
cludes a eecond reproduction-only area (ROM) 732 and 
& second recording and reproduction area (RAM) 734. 
Thesecond infonnation recording Iayer730 nnay indude 's 
an unused area 733. The second recording and repro- 
duction area 734 includes a second test recording area 
(TEST) 73B and a second data recording area (DATA) 
738. In Figure 7, the second information recording layer 
730 Includes tte second reproduction-only area 732. 20 
the unused area 733, the second test recording area 
736, and the second data recording area 738 In that or- 
der from the inner portion thereof. 
[0101] In this figure, the offset 5' between the start 
points of the first recording and reproduction area 724 2s 
and the second test recording area 736, the offset 6" be- 
ing defined f ronn the center of the disc, is represented by: 

B' = t2 - ri = S -i- 5m = d-tan(sin''' (NA/n)) + 6m. 30 

[01 02] This represents a value obtained by adding the 
length 5 of the light spot 725 on the first Infonnation re- 
cording layer720 described in Example 1 with tiie length 
Sm of ttie positional offset between the first infomnation 3S 
recording layer 720 and the second InfoimatiDn record- 
ing layer 730. 

[0103] Accordingly, as long as the start of the first re- 
cording and reproduction area 724 is away from the start 
of tiie second test recording area 736 by at least the to 
length 5' represented by the above expression, the first 
recording and reproduction area 724 includes a light 
spot 775 on the first information recording layer 720, 
through which laser light 770 passes, even when thefrst 
infonnation recording layer 720 and the second infor- ts 
mation recording layer 730 are positionally offset with 
respect to each other by the length Sm. 
[0104] Considering the difference in the distances of 
the first infonnation recording layer 720 and the second 
infonnation recording layer 730 from the center of the so 
cfisc, It is necessary that the flist recording and repro- 
duction area 724 includes the area 775. Here, the area 
775 is an area of the first information recording iayer720 
through which the Ibs^ light 770 used for recording In- 
formation on ihesecondtestreconflng area 736 passes, ss 
The length of the area 775 needs to be at least 8" + a + 
5'. Namely, the area 775 includes an areacoiresponding 
to the second test recording area 736 havhg the length 



a and two areas respectively extending from an inner 
end and an outer end of the above-mentioned area to- 
ward the center of the disc and the outer periphery of 
the disc, each extending area tiaving length 5" . In the 
case where the first recording and reproduction area 
724 and the second test recording area 736 are located 
such ttiatthe first recording and reproduction area 724 
includes the area 775, accurate recording conditions 
can be obtained by the test recording. 

(Example 3) 

[0105] In this example, a case where the area of the 
first infonnation recording layer, through which laser 
light used for recording information in the test recording 
area of the second infonmation recording layer passes, 
is a recorded state area will be described. 
IP 1 06] Figure 8 shows a format of an optical disc 800 
according to this example. 

[0107] The optical dIscSOO includes afirat infomiatlon 
recording layer 820, asecond infonnation recording lay- 
er 830, and a separation layer 850 for separating the 
first information recording layer 820 and the second in- 
fbmiatlon recording layer 830 from each other. 
[0108] The first information recording layer 820 in- 
cludes a first reproduction-only area 822 and a first re- 
cording and reproduction area 824. The first recording 
and reproduction area 824 includes a first test recording 
area B26 and a first data recording area 828. In Figure 
8, the first infonnation recording layer 820 Includes the 
first reproductfon-only area 822, the first test recording 
area 826, and the first data recording area 826 In that 
order f nam the Inner portion thereof, 
[0109] Thesecond Infonnation recording iayer830 In- 
cludes a second reproduction-only area 832 and a sec- 
ond recording and reproduction area 834. The second 
recording and repnaduction area 834 includes a second 
test recording area 836 and a second data recording ar- 
ea B38. An area 833 between the second reproduction- 
only area 832 and the second test recording area 836 
is, fbr example, an unused area vi^ich has not bean 
used. In Figure 8, the second information recording lay- 
er 830 includes the second reproductton-only area 832, 
an unused area 833, the second tesi recording area 
836, and the second data recording area 838 in that or- 
derfrom the Inner portion thereof. 
[01 10] In the optical disc 800, the first recording and 
reproduction area 824 includes a recorded state area 
875 of the first information recording layer 820, Laser 
light 870, used for recording information in the second 
test recording area 836, passes through the recorded 
state area 875. Tlie recorded state area 875 is entirely 
in B recorded state. The length of the recorded state ar- 
ea 875 is 5 a ■(- 5. Namely, the recorded state area 875 
includes an area conesponding to the second test re- 
cording area 836 having the length a and two areas re- 
spectively extending from an inner end and an outer end 
of the above-mentioned area toward the center of the 
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disc and the outer periphery of the disc, each ettending 
area liaving length 5. 

[0111] Tha recorded state area 875 is formed by re- 
cording information in the entirety of the recoided state 
area 87S of the first reoording and reproduction area 
824, for example, before the second test recording area 
836 is used. 

[0112] Owing to such a structure, onto whichever po- 
sition of tlie second test recording area 836 the laser 
light 870 may be focused, the light transmiftance of the 
area of the first recording and reproduction area 824, 
through which tlie lasw light 870 passes (i.e., area 875), 
can be unifomn. The light transmittance varies depend- 
ing on whether information is recorded or not in the re- 
cording and reprod jction area 824. Since the area 875 
is entirely in a recorded state, the light transmittance is 
unrfomn. Accordingly, as long as information is recorded 
in the recorded state area 675 shown in Figure 8, the 
amount of the laser light 870 reaching the second test 
recording area 836 is unlfonm when test recording is p^- 
fomied on the second test recording area 836. As a re- 
sult, accurate recording conditions can be obtained. 
[01 13] In this example, when the first information re- 
cording layer 820 and the second infomation recording 
Iayer830 are posrtionally offset with respect to each oth- 
er, the length of the recorded state area 875 may have 
the length 6' + a 4- fi' as described in Example 2. 
IP1 1 4] The inf omiatton to be neoorded in the recorded 
state area 875 may be information obtained by modu- 
lating data information or information ofstained by mod- 
ulat ng dummy infomiatlon. 

[0115] It Is preferable to record infonnation in tha re- 
corded state area 875 at the time of certiticadon after 
the optical disc is produced. Since the recording appa- 
ratus does not need to perform this step, the ^art time 
when a new optical disc is mounted on the recording 
apparatus can be shortened. 

[0116] Next, an optical reoording apparatus for re- 
cording information on the optical infomiation reoording 
medium according to this example will be deaaibed. 
[01 17] Figure 9 shows an opticat information reoord- 
ing apparatus 900 for creating the optical information re- 
cording medium according to this example. Horeinafter, 
an operation of *e optical infomiation recording appa- 
ratus 900 will be described with reference to Figure 9. 
[0118] The optical infomnation recording apparatus 
900 includes a spindle motor 907 for rotating the optical 
disc 800 and an optical head 903 including a laser 
source (not shown) and focusing laser light to a desired 
position of an information recording fayer of the optical 
disc 800. The entire operation of the optical Informatiori 
recording apparatus 900 is controlled by a system con- 
trol section 901 . It is not Intended that the receded state 
area 875 of the optica! disc 800 is in a completely re- 
corded state at this point. 

[0119] Tha optical information recording apparatus 
900 further includes a recording section 902 for modu- 
lating the li^ intensity of the laser source in the optical 



head 903 based on information obtained by modulating 
data information, and a reproduction section 904 for per- 
forming wavefomri processing of a reproduction signal 
based on the light reflected by the optical disc 600 so 
s as to demodulate reproduction infomnation. The optical 
information recording apparatus 900 also includes an 
interference area detennlnation section MS for deter- 
mining whether or not a given area of the first informa- 
tion recording layer 820 is an area which can be an op- 

10 deal path of ttie laser light 870 for reoording information 
in the second test recording area 836 (i.e., whether or 
not the given area is the area 875 through which the 
laser light passes for reoonJing infomiation in the sec- 
ond test recording area 836), and a recorded/unrecord- 

'5 ed state detennination section 90S for reproducing the 
infonnation in the area 875 through which the faser light 
passes for recordhg information in the second test re- 
cording area 836 and then detBrminingwhetherthe area 
875 is in a recorded state or an unrecorded state based 

^ on the reproduction result 

[01201] Hereinafter, with reference to Figures B and 9, 
Dperalior of the optical infomiation recording apparatus 
900 according to this example wit be described. First, 
the system control circuit 901 rotates the spindle motor 

2s 907, and the optica! head 903 focuses the lase r light 870 
onto the first infonnation recording layer 820 on the op- 
ticat disc 800 so as to reproduce infomnation on the first 
infonration recording layer 820. Based on address re- 
production infonnation from the reproduction section 

so 904, the interference area determination section 905 de- 
temiines whether the area, in which information is being 
reproduced, is the area 875 or not. Based on the deter- 
mination result, the systHn control section 901 seeks 
lor the optical head 903 up to a certain area in the area 

3^ 675 and r^roduces Information in the certain area of 
the area 875. 

IP121] Based on the reproduction Information from 
ttie reproduction section 904, the recorded/unrecorded 
state determination section 908 detennines whether the 

« tracit in the certain area In the area 875, in which Infor- 
mation Is being reproduced, is In a recorded state or an 
unrecorded state. When the recorded/unrecorded state 
determination section 906 determines that the track is 
In an unrecorded state, some information is recorded In 

-^s the tra=l< in the certain area In the area 875 so as to 
place the certain area in the area 875 into a recorded 
state. When the recorded/unrecorded state determina- 
tion section 906 detemilnes that the track is in a record- 
ed state, rt Is confirmed that the certain area in the area 

so 875, in which infonnation is being reproduced, Is alre'-.'jy 
in a recorded state. This operation is performed for 
entirety of the area 875. 

[0122] In this manner, the area 875 is entirely placed 
into a recorded stale, and thus acts as a recorded state 
55 area. Onto which ever position of thesecondtest record- 
ing area 836 the laser light 870 may be focused, the light 
Iransmitlance of the area 875 of the first infomiation re- 
cording layer 820, through which the lasw tight for re- 
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cording Information in the second test recording area 
836 passes, can be unifomi. Accordingly, whichever 
portion of the second test recording area 836 olthe sec- 
ond infonnation recording layer may be used for test re- 
cording, the amount of the laser light reaching the sec- 
ond test recDfding area 836 is the same. Thus, accurate 
recording conditions can be obtained. 

(Example 4) 

[01 23] In Example 3, an operation forplacing the area 
875, of the first infonnation recording layer, through 
which the laser light for recording infonnation in the sec- 
ond test recording area 836 pasees, into a recorded 
state area was described . In this example, a specific ex- 
ample of an operation for placing the entirety of the area 
of thefirst infonnation recorcfing layer, through which the 
laser light for recording infonmatlon in the seconci test 
recording area passes, into an unrecorded state will be 
described. 

[0124] Figure 10 shows a format of an optical disc 
1000 according to Example 4. 
[01 25] The optica! disc 1 000 includes a first informa- 
tion recording layer 1020, a second Infonnaition record- 
ing Iayer1030, and a separation Iayer1050 for separat- 
ing the firet information recording layer 1020 and the 
second infonmatlon recorcfing layer 1030 from each oth- 
er. 

[0126] The firet infonnation recording layer 1 020 In- 
cludes a first reproduction-only area 1022 and a first re- 
cording and reproduction area 1024. Thefirst recording 
and reproduction area 1024 Includes a first test record- 
ing area 1026 and a first data recording area 1028. In 
Rgure 10, the first information recording layer 1020 In- 
cludes thefirst reproductio n-on ly area 1 022 , thef i rst test 
recording area 1026, and the first data recording area 
1028 in that order from the inner portion thereof. 
[0127] The second infonnation recording layer 1030 
Includes a second reproduction-only area 1032 and a 
second recording and reproduction area 1 034. The sec- 
ond recording and reproduction area 1034 includes a 
second test recordhg area 1036 and a second data re- 
cording area 1038. An area 1033 between the second 
reproduction-only area 1032 and the second test re- 
cording area 1036 is, for example, an unused area 
which has not been used. In Figure 10, the second in- 
fonnation recording layer 1030 includes the second re- 
production-only area 1032, the unused area 1033, the 
second test recording area 1036, and the second data 
recording area 1038 in that onder from the inner portion 
thereof. 

[0128] in the optical disc 1000, thefirst recording and 
reproductbn area 1024 includes a unrecorded state ar- 
ea 1075 of the first information recording layer 1020. La- 
ser llghtlOTO, used for recording infonnation inthesec- 
ondtest recording area 1036, passes through the unre- 
corded state area 1075. The unrecorded state area 
1075 is entirely in an unrecorded state. The length of 



the unreconSed state area 1 075 is S + a + 5. Namely, the 
recorded state area 1075 includes an area con-espond- 
Ing to the second test recording area 1036 having the 
length a and two areas respectively extending from an 

5 Innerend andan outerend of the above-mentioned area 
toward the center of the disc and the outer periphery of 
the disc, each extending area having length 5. 
[0129] As shown In Figure 10, the area, of the first re- 
cording and reproduction area 1024 including the area 

« con^aponding to the second test recording area 1036 
having the length a and two areas respectively extend- 
ing from on inner end and an outer end of the above- 
mentfoned area toward the center of the disc and the 
outer periphery of the disc, each extending area having 

« length 5 (i.e., the area of the first information recording 
layer 1 020 having the length of S -i- a -i- S) is in an unre- 
corded state at the time of test recording. 
[0130] The infomiation for calculating optlmunrt re- 
cording conditions based on the result of the test record- 

so ing niay be recorded in an arbitrary area of the fkst in- 
formation recording layer 1020 and the second infomna- 
tlon recording layer 1030. In this case, the infonnation 
for calculating the optimum recording conditions are, for 
exannple, information for multiplying the recording con- 

25 ditions in an unrecorded state by a certain coefficient 
based on, for example, the difference in the amount of 
transmitted light between the unrecorded state and the 
recorded state. In this example, the entirety of the area 
of the first information recording layer 1020, through 

30 whit^the laser lightforrecordlng information Inthe sec- 
ond test recording area 1036 passes, is in an unrecord- 
ed state. AccortSngly, the recording concftions obtained 
In such a circumstance have a possibility of not being 
optimum for recording information in the second test re- 

35 cording area 1038 using the laser light which has 
passed through thefirst recording information recording 
layer 1020 having information recorded thereon. 
[0131] Hereinafter, a specific example of an operation 
for multiplying the recording conditions in an unrecorded 

40 state by a certain coefficient based on the difference in 
the amount of transmitted light between the unrecorded 
state and ttie reconJed state will be described. 
[0132] In the case of an optical disc in which the 
amount of transmitted light in a recorded state is s times 

"IS the amount of transmitted light in an unrecorded state, 
where the (^timum recording power obtained by per- 
forming test recording in an unrecorded state is Pm, the 
optimum recording power Pk In a recorded state can be 
cah»jlated as follows. 

50 

Pk = Pm/e 

[0133] Here, "s" is defined as the transmlttance eor- 
ss rection coefficient. By such a calculation, even when in- 
fonmatlon is not recorded in a specific area of the first 
Infonnation recording layer 1020 in advance, the opti- 
mum recording power In the case where the area of the 
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first information recording layer 1020, through which the 
laser light passes, is in a recorded state can be estimat- 
ed. In the case where it is time-consuming to torn the 
recorded state area 875 in the first information recording 
layer 1020 as in Example 3, the optimum recording con- s 
ditions can be calculated as in this example, instead of 
directly obtaining the optimum recording conditions as 
In Example 3. 

[0134] In the case where there is a possibility that the 
first Information recording layer 1020 and the second in- io 
formation recording layer 1030 In this example are po- 
sittonally offset with respect to each other, it is preferable 
to keep the unrecorded state area 1075 having the 
length + a + 5' unrecorded at the time of test recording 
as described in Example 2. 75 
[01 35] In this example, is more ixeferable to record 
Xhe transmittance correction coefficient s for determin- 
ing the optimum recording power In a specific area in 
the optical disci 000 (for example, the first repraductlon- 
only area 1022 or the second reproduction-only area so 
1032). In this case, even when the transmittance cor- 
rection coGfficiQnt Is different among different optica! 
discs, the optical disc recording apparatus can immedi- 
ately learn the coefficient wh en an optical disc is mount- 
ed on the optical disc recording apparatus. Therefore, as 
the time required to start actually recording information 
can be shortened. 

[0136] In this example, the unrecorded state area at 
the time of test recording may be a recording prohibited 
area where Infbrmatim Is never recorted. Aftematively, so 
the unrecorded stale area may be a mirror area which 
does not have any guide grooves for tracldng servo con- 
tro(. 

(Example 5) 35 

[0137] In Examples 1 through 4, the recoRing and re- 
production area of the first infomnation recording layer 
Includes a light spot of the laser light. The present in- 
vention is not limited to such a format. In this example, « 
s fonnat where the reproduction-only area of the first 
information recording layer includes a light spot of the 
laser light will be described. 

[0138] Figure 11 shows a format of an optical dsc 
1100 according to Example 5. 4S 
[0139] The optical disc 1100 includes a first informa- 
tion recording layer 1120, a second information record- 
ing layer 11 30, and a separation layer 1 150 for separat- 
ing the first information recording layer 1120 and the 
second infomnation recording layer 1130 from each oth- so 

[0140] The first infomnation recording layer 1120 in- 
cludes a first reproduction-only area 1122 and afirst re- 
cording and reproduction area 1124, Thefirst reconjing 
and reproduction area 1 124 includes a first test record- ss 
ing area 1126 and a first data recording area 1123. In 
Figure 1 1 , the first Infomnation recording layer 1120 in- 
cludes thefirst reproduotion-o nly area 11 22 , the first test 



recording area 112B, and the first data recording area 
1128 in that orderfrom the inner portion thereof. 
[0141] The second information recording layer 1 130 
includes a second repnaduclion-only area 1132, a third 
reproduaion-only area 1133, and a second recording 
and reproduction area 11 34. The second recording and 
reproduction ffliea 1134 includes a second test record- 
ing area 1 136 and a second data recording area 1 138. 
In Fi^re 11, the second information recording layer 
1130 holudes the second reproduction-only area 1132, 
the second test reconding area 1 1 36, the third reproduc- 
tion-only area 1 1 33, and the seco nd data recording area 
1138 in that orderfrom the inner portion thereof. 
[0142] As shown in Figure 11, the first rsproductiwi- 
onijf area 1122 of the first information recording layer 
1120 is stmctured so as to include an area (light spot) 
1175 through which laser Iight1170 for recording infor- 
mation In the second test recording area 1136 passes. 
The length of Hie area 1175 is 5 a + 5. Namely, the 
area 11 75 Includes an area con-esponding to the second 
test recording area 1136 havbig the length a and two 
areas respectively extending from an Inner end and an 
outer end of the above-mentioned area toward the cent- 
er of the disc and the outer periphery of the disc, each 
extending area having length S. Thus, at whichever po- 
sition of the second test recording area 1 1 36 test record- 
ing may be perfomied, the laser light for recording Infor- 
mation m the second test recording area 1 136 is the la- 
ser light which has passed through the first reproduc- 
tion-only area1122.Asare6ult, the recording conditions 
are prevented from being dispersed depending on the 
position at wl^ch the teat reoorcing ie peifomied, 
[0143] in this example, as described In Example 4, it 
is more prelierable to c^culate the optimum recording 
conditions based on the result of the test recording. 
Thus, the optimum recording conditions for the case 
where the laser light passes through the first recording 
and reproducticn a-ea 1 124, which is in a recorded state 
with a recording mark array being formed, can be esti- 
mated. 

[0144] In the case where there isapossibiiit/thatthe 
Brat Information recording layer 1120 and the second in- 
fomiaJton recording layer 1130 are positionally offset 
with respect to each other, the first reproduction-only ar- 
9a 1 122 Is located so as to have the iength 5' + a + 5', 
which is the iength of the area 1 1 75 of the first informa- 
tion reconding layer 1120, as described in Example 2. 

(Example 6) 

[0145] In Examples 1 thrrjugh 5, information is record- 
ed In the test recording area of the second infonnation 
recording layer In order to perform test recording of the 
second Infonnatton recording layer. When data Is re- 
corded in the recording and reproduction area of the 
second information recording layer, as well as at the 
time of test recording described In Examples 1 through 
5, there is a possibility of the signal quality Tor repioduc- 
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ing the recorded signal being lowered. The reason is 
that when the laser light used for recording passes 
through both the reproduction-only area and the record- 
ing and reproduction area, the amount of laser ligirt 
reaching the recording and reproduction areaofthesec- s 
ond information recording layer ie different depending 
on which one of the above two areas the laser light has 
passed through. As a result, accurate recording cannot 
be performed. 

[0146] in this example, a specific example of record- « 
ing infomatlon in the recording and reproduction area 
of the second Information recording layer will be de- 
scribed. 

[0147] Figure 12 shows a format of an optical disc 
1200 according to Example 6. is 
[01 48] The optical disc 1 200 includes a first Informa- 
tion recording layer 1220, a second information record- 
ing Jayer 1230, and a separation layer 1250 for separat- 
ing the first Information recording layer 1220 and the 
second information recording layer 1230 from eachot}^- so 
er. 

[01491 The first infomiation recording layer 1 220 in- 
cludes a frst reproduction-only area 1222 and a firat re- 
cording and reproduction area 1224. In Figure 12, the 
first infomiation recording layer 1220 includes the first ss 
reproduction-only area 1222 and the first recording and 
reproduction area 1224 Ir that order from the inner por- 
tbn thereof. 

[0190] TTie second Information recording layer 1230 
includes a second reproduction-only area 1232 and a so 
second recording and reproduction area 1234. In Figure 
12, the second infomiation recording layer 1230 In- 
cludes the second reproduction-only area 1 232 and the 
second recording and reproduction area 1234 in that or- 
der from the inner portion thereof. 3S 
[0151] As shown in Figure 12, the first reproduction- 
only area 1222 is preferably smaller than the second re- 
production-only area 1232 of the second infomiation re- 
cordng layer 1230. 

[0152] lnFigure12,thosfartpolmoftheflrBtreoording « 
and reproduction arsa 1224 is located closerto the cent- 
er of the disc than the start point of the second recording 
and reproduction area 1234 by length S. Owing to suc^ 
astructure, in whichever portion of the second recording 
and reproduction area 1 234 Information may be record- 45 
ed, the first recording and raproduction area 1224 in- 
cludes an area 1275 of the first Information recording 
layer 1220 through which the laser light for recording 
infomiation in the second recording and reproduction ar- 
ea 1234 passes. Therefore, the second recording and so 
reproduction area 1234 fs only influenced by the flist re- 
cording and reproduction area 1224 and is not influ- 
enced by the first reproduction-only area 1222. Thus, 
information can be accurately recorded in the second 
recording and reproduction area 1234. ss 
[0153] In the case where there is a possibility that the 
first infonnation recording layer 1220 and the second in- 
fwmalion recording layer 1230 are positionally offset 



with respectto each other, the start point of the first re- 
cording and reproduction area 1224 and the start point 
of the second recordingand reproduction areal 234 are 
preferably offset with respect to each other by 6' as de- 
scribed In Example 2. 

[0154] In Figure 12, the size of the first reproduction- 
only ares 1222 may be zero. In this case, It is not nec- 
eeeary to form a phase pi for the first reproduction -only 
area 1222 at the time of production of the first infomia- 
tion recording layer 1200. Thus, the production process 
of the disc can be simplified. 

(Example 7) 

[0155] In Examples 1 through 6, there are two infor- 
mation recording layers. The present invention is not 
limited to this. According to the present invention, the 
number of information recording layers may be three or 
more. 

P156] Figure 13 shows a format of an optical disc 
1300 according to Example 7 of the present Invention. 
[0157] The optical disc 1300 is obtained by expanding 
the optical disc in Example 1 , and has a different format 
from that of the optical disc in Example 1. The optical 
disc 1300 includes N number of infomiation recording 
layers. In Figure13, among theN number of infomiation 
recording layers, three infomnation recording layers I, J 
and k each have a reproduction area in order to obtain 
accurate recording conditions by the test recording. 
[0158] In this example, a first infomiation recording 
layer 1310 is the ith layer, a second infomiation reeoid- 
ing Iayer132a Isthejih layer, athird Infomiation reeotd- 
ing layer 1330 Is the k'th layer, from the laser incidence 
side of the disc. TTie distance between the first informa- 
tion recordlr^ layer 1 31 0 and the second infonnation re- 
cording layer 1320 Is dij, the distance between the sec- 
ond informaflon recording layer 1 320 and the third infor- 
mation reconJing layer 1330 Is djk, and distance be- 
tween the first infonnalion recording layer 1310 and the 
third infonnation recording layer 1330 is dik. 
[0159] The first infomiatton recording layer 1310 in- 
cludes a first reprocfcjction-only area 1312 and a first re- 
cording and reproduction area 1314. The ffrst recording 
and reproduction area 131 4 includes a first test record- 
ing area 1316 and a first data recording area 1318. 
[0160] The second infonnation recording layer 1320 
includes a second reproduction-only area 1322 and a 
second recording and reproduction area 1324. The sec- 
ond recording and reproduction area 1324 includes a 
second test recording area 1326 and a second data re- 
cording area 1328. 

[Oiei J The third Information recording layer 1330 in- 
cludes athird reproduction-only area 1332 and a third 
recording and reproduction area1334. The third record- 
ing and reproduction area 1334 includes a third test re- 
cording area 1336 and athird data reconling area 1338. 
[0162] In thiscase, thestart point of the first recording 
and reproduction area 1312 is at least Sj away from the 
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start point of the second test recording arsa 1326, and 
is al least 5ik away from ths start point of the third test 
recording area 133B. The start point of tha second re- 
cording and reproduction area 1324 is at least 5jk away 
from ttie start point of the third test recortfing area 1 336. s 
Here, 

«lj = dij.tan(sin'''NA/n)), 



8ik= dik-tanCsin'^NA/n)), and 



5jk = djic-tan[sin"\lWn)). „ 

where NA is the numerical aperture of an objective 
lens for focusing laser fight 1370, and n is the refractive 
Index of the separation layer between the first informa- 
tionrecordingtayer1310anQtfiesecondinformation re- so 
cording layer 1 320 and of the separation layer between 
the second information recording layer 1320 and the 
third infonnatlon recording layer 1330. 
[0163] Owing to such a stnjcture, the laser ifght 1 370 
for recording infomiation in the second teat recording 25 
area 1326 passes through only tha first recorting and 
reproduction area 1314 when passing through the fiist 
infomnation recording layer 1310, The laser fight 1370 
for recording information in the third test recording area 
1336 passes through only the first recording and repro- 30 
duction area 1314 when passing through the first Infor- 
mation recording layer 1310 and ont/ the second re- 
cording and reproduction area 1324 when passing 
through the second information recording layer 1320. 
[0164] Even when the infomnation recording layer as as 
a target is, for example, between the first infomnation 
recording laya-1310andthe second infomnation record- 
ing layer 1320 as In this example or at an arbitrary po- 
sition, substantially the same effect as that ii Example 
1 is provided, as long as the second Infoftnaflon record- 40 
ing layer 1320 is farther from the incidence surface than 
the first information recording layer 1310, and an area 
of the first information recording layer 1310, through 
which the laser light 1370 for recording infonnatton In 
the second test recorcfing area 1326 passes, is entirely 45 
a recoiding and reproduction area. 

(Example 8} 

[0165] Figure 14 shows a fomiat of an optical disc so 
1400 according to Example 8 of the present invention. 
[0166] The optical disc 1 400 includes a first informa- 
tion recording layer 1420, a second information record- 
ing layer 1430, and a separation layer 1 450 for separat- 
ing the first Infonnatlon recording layer 1420 and the 55 
second InfOTmation recording layer1430frQm each oth- 

[0167] The first infomnation recording layer 1420 in- 



cludes a f irst reprod uction-oniy area 1 422, a first record- 
ing and rqiroduction area 1 424 and a second reproduc- 
tion-only area 1429. The first recording and reproduc- 
tion area 1424 includes a first test recording area 1426 
and a first data recording area 1428. In Figure 14, the 
first infomiation recording layer 1420 includes the frst 
test recording area 1426, the flrst reproduction-onfy ar- 
ea 1422, the first data recoraing area 1 428, and ttie sec- 
ond reproduction-only area 1429 in that ordK-from the 
inner portion thereof. The first information recording lay- 
er1 420 deludes a first iead-in area 1 425 and a fi rst lead- 
out area 1427. The first lead-in area 1425 includes the 
first test recording area 1426 and the first reproduotion- 
orily arsa 1422. The first lead-out area 1427 includes 
the second reproduction-only area 1429. 
[0168] The second information recording layer 1430 
Includes a third reproduction-only area 1432, a second 
recording and reprodutaion area 1434, a fourth repro- 
ducBon-only area 1433, and a fifth reproduction-only ar- 
ea 1439. The second reconJing and reproduction area 
1434 includes a second test recording area 1436 and a 
second data recording area 1438. in Figure 1 4, the sec- 
ond infomiation reconding layer 1430 includes the third 
reproduction-only area 1432, the second test recording 
area 1436, the fourth reproduction-only area 1433, the 
second data recording area 1438, and the fifth repro- 
duciJon-only area 1 439 in that orderfrom the Inner por- 
tion thereof. The second infomnation recording layer 
1430 Incluctes a second lead-in area 143S and asecond 
lead-out area 1437. The second lead-in area 1435 in- 
cludes the third reproduction-only area 1432, the sec- 
ond test recording area 1436, and the fourth reproduc- 
tlon-onfy area 1433, The second lead-out area 1437 In- 
cludes the fifth reproduction-oniy area 1439. 
[0169] In this example, when priority is put on easy 
management of the optical disc 1400, it is preferable to 
have ttie fonnat shown in Figure 14 in which the first 
data recording area 1 428 andthe second data recording 
area 143B have an equal size. lh& optical disc 1400 h- 
eludes ths first lead-in area 1426 and the second lead- 
in area 1435 internally to tha first data raoording area 
1428 andthe second data recording area 1438, respec- 
tively. The optical disc 1400 also includoE the first lead- 
out area 1427 and the second lead-out area 1439 ex- 
temal^f tothe first data recording area 1428 and the sec- 
ond data recording area 1 438, respectively. Thef irst test 
recording area 1426 is located internally to the first lead- 
in area 1425, and Bie second test recording area 1436 
is located kiternally to the second iead-in area 1435. 
[0170] The first test recording aiea 1426 and the sec- 
ond lest recording area 1436 we posltlonaly oflset with 
respect to each other by length S or more. The first re- 
production-only area 1422 includes a non-unifonrt tight 
prevention area 1475 of the first information recording 
layer 1410throLigh which laser light 1470 for recording 
rifomnation in thesecondtest recording area 1 436 pass- 
es. The length of the area 1475 is represented by 5 + a 
■I- 6. The non-imifonn light prevention area 1475 |we- 
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vents the laser light 1470 incident thereon from trans- 
mitting tiienetlirougii in a non-uniform shape. 
[0171] The non-unifomn light prevention area1475 is, 
for example, a reproduction-only area, 
[0172] Alternatively, the non-unitomi light prevention s 
area 1475 may be a recording prohbited area or a mirror 
area. Owing to such a structure, ait whichever posftion 
of the second test recording area 1436 test recording 
may be performed, the obtained recording conditions 
are not dispersed. Moreover, owing to sudi a structure, "> 
thefirst lead-in area 1425 of the first infomatlon record- 
ing Iayer1420 and the second lead-in area 1435 of tlie 
second infomiation recording layer 1430 can have iden- 
tical start points, temninatiDn points and capacities. Tlie 
first data recording area 1 428 of the first infomiation re- '5 
cording layer 1420 and the second data recotding area 
1438 of the second information recording layer 1430 can 
have identical start points, termination points and ca- 
pacities. The first lead-out area 1427 of the first infor- 
mation recording layer 1420 and the second lead-out so 
area 1437 of the second infomiation recording layer 
1430 can have identical start points, tennination points 
and capacities. Therefore, defect management and re- 
cording infonnation management of the optical disc 
1400 are advantageously easy. Substantially the same 
effect is provided when the first test recording area 1 426 
is located in the first lead-out area 1 427 and the second 
test recording area 1436 is located in the second lead- 
out area 1437. 

[0173] Thepositionsoftheareasandtheshapeofthe so 
disc used in the above examples are not limited to those 
described above, and may be or any ar^ropriatB foim 
in accordance with the medium Itself or the recording 
and reproduction apparatus. 

35 

INDUSTRIAL APPLICABILITY 

[0174] As described above, according to an optical in- 
formation recording medium of the present invention, an 
area of the first lnforma£on recording layer, through 40 
which laser light paeeee, is entirely placed into a record- 
ed state or an unrecorded state at the time of test re- 
cording of the second Information recording layer. 
Therefore, accurate recording conditions can be ob- 
tained by the test recording. 45 
[0175] According to an optical infonnation recording 
medium of the present invention, an area of the first in- 
formation recording layer, through which laser light 
passes, is entirely placed into a reproduction-only area 
or a recording and reproduction area at the time of test so 
recording of the second infonnation recording layer. 
Therefore, accurate recording condtlJons can be ob- 
tained by the test recording, 

[0176] According to an optical information recording 
medium of the present invention, the reproduction-only ss 
area of the first infonnation recording layer is made 
smaller than the reproduction-only area of the second 
infomiation recording layer. Therefore, infonnation can 



be accurately recorded anyvi/hsre in the recording and 
reproduction area of the second infomiation recording 
layer. 

[0177] According to an optical InTonnation recording 
medlLim o1 the present invention, when recording Infor- 
mation in the recording and reproduction area of the 
second information recording layer, an area of the first 
information recording layer, tlinaugh which laser light 
passes, is entirely placed into a repnaductfon-only area 
or a recording and reproduction area. Therefore, infor- 
mation can be accurately recorded in the recording and 
reproduction area. 

[0178) According to an optical infonnation recording 
method of the present invention, infonnation is recorded 
in an area of the rscording and reproduction area of the 
first infonnation recording layerth rough which laser light 
passes before test recording of the second infomiation 
recording layer. Therefora, accurate recording condi- 
tions can be obtained by the test recording. 
[0179] According to a recording and reproduction 
method of the present Invention, In the case where an 
area of the recording and reproductton area of the first 
infonnation recording layer through which laser light 
passes is in an unrecorded state at the time of test re- 
cording of the second information recording layer, opti- 
mum reconding conditions are calculated based on the 
test recording result. Therefore, accurate recording con- 
ditions can be obtained. 

[0180] In a medium according to the present inven- 
tion, one of the reproduction-only area and the recording 
and rqaroductior area of the first information recording 
layer hcbdes an area throjgh which laser light for re- 
cording Infomiation In the test recording area of the sec- 
ond Information recording layer passes. The laser light 
for recording intonnatiQn in the test reconjingareaofthe 
second Information recording layer has passed through 
the reproduction-only area or the recording and repro- 
duction area. Accordingly, the laser light for recording 
information in the lest recording area of the second in- 
fonnation recording layer is not influenced fay the differ- 
ence between the amount of light pasang through the 
reproduction-only area of the ftst infomiation recording 
layer and the amount of light passing Oirough the re- 
cording and reprodiKstiori area of thefirst Information re- 
cording layer. As a result, accurate recording conditions 
can be obtained using the test recording area of the sec- 
ond information recording layer 
[0181] The area of thefirst information recording lay- 
er, through which the laser llghtf or recording infonnation 
in the test recording area passes, extends outward from 
an outer end of an area of the first infonnation recording 
layar conrespondlng to the test recording area by a 
lengQi 5, &)e length 5 being represented by: 

5 = d-tan(sin''(NA/n)), 
where d is a distance in a thickness directicm between 
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the Hret irfonnation recording layer and the second in- 
formation recording layer; n is a refractive index of the 
separation layer; and NA is a numerical aperture of an 
objective lens for focusing the laser light to the test re- 
cording area. 

[01«2] The area of the first informaUon recording lay- 
er, through which the laser Hgfit for recording infonnation 

in the test recording area passes, extends outward from 
the outer end of the area of the first information record- 
ing layer corresponding to the test recording area by a 
length 5', the length 6' being represented by: 

5' = d.tan(sln"''(NA/n)) + Sm 

where 5m is a maximum positional offset distance be- 
tween the first infonnation recording layer and the sec- 
ond infonnation recording layer 
[0183] Accordingly, even when there Is a r>on-neg(igi- 
ble offset or eccentricity in the relative poettlone of the 
infomation recording layers, accurate recording condi- 
tions forth© second Infonnation recording layer can be 
obtained at the time of test recording of the second in- 
formation recording layer, witii no influence of the differ- 
ence In the amount of light passing through the first in- 
fonnation recording layer. 

[0184] It Is preferable to form an area of the second 
information recording laser, extending from the end of 
at least the test recording area by 5 (in the case where 
there is a non-negilglbte offset or eccentricity In the rel- 
ative positions of the information recording layers, by $') 
into a data recording area. This is preferable in orderto 
expand the data recording area. 
[01 85] According to the medium of the present Inven- 
tion, a prescribed area of the first infomiatlon recording 
layer, which is entirely in a recorded state or an unre- 
corded state, indudes an area through which the laser 
light for recording infonnation in the test recording area 
of the second infonmation recording layer passee. The 
area of the first infonnation recording layer, through 
which the laser light for recording information in tiie test 
recording area of the second infonnation recording layer 
passes, is entirely either in a recorded state or in an un- 
recorded state. Accordingly, the laser light for recctfding 
infonnation in the test recording area of the second in- 
formation recording layer is not influenced by the dlfler- 
ence In the amount of ligW caused by Vne existence of 
both a recorded state arra and an unrecorded state ar- 
ea. As a result, accurate recording conditions can be 
obtained using the te^ recording area of the second in- 
fonnation recording layer 

[01 86] The prescribed area which is entirely in an un- 
recorded area Is, for example, a recording prohibited ar- 
ea, a mirror area, or a lead-in area. 
[0187] Regarding a second optical infonnation re- 
cording medUm according to the present invention, the 
area of the first infonnation recording layer, through 
which the laser light for recording infonnation in the test 



recording area of the second infonnation recording layer 
passes, extends outward from an outer end of an area 
of the first infonnation recording layer corresponding to 
the test recording area by a length 6. the length 5 being 
s represented by: 

S = d.tan(sin'''(IMA/n)), 

w where d Is a distance In a thioi<neas direcHon between 
the first information recording layer and the second in- 
fonnation recording layer; n is a refractive index of the 
se[Daration layer; and NA is a numerical aperture of an 
objective lens for focusing the laser light to the test re- 
's cording area. 

[0188] Regarding the second optical information re- 
cording medium according to the present invention, the 
area of the first Infbrmation recording layer, through 
which the laser light for recording infbmiation in the test 
•SO reconling area of the second information recording layer 
passes, extends outward from the outer end of the area 
of the first Infonnation recording layer corresponding to 
the test recording area by a length S", the length 8" being 
represented by: 

8' = d<an(sin'''(NA/n)) + 5m 

where &n is a maximum positional offset distance be- 
so tween the first infonnation recording layer and the sec- 
ond Infonnation recorcSng layer. 
[0189] Owing to such a medium, even when there is 
a non -negligible offset or eccentricity in the relative po- 
sitions of the information recording layefs, accurate re- 
3S oording conditionsforthe second information recording 
layer can be obtained at the time of test recording of the 
second infonnation recording layer, with no influence of 
the difference In the amount of light passing through the 
first information recording layer. 
10 [0100] Regarding the second optical Information re- 
cording medium acwording to the present invention, It Is 
preferable to fbmfi an area of the second infonnation re- 
cording laser, sKtending from the end of at least the test 
recording area by 5 {in the case where there is a non- 
45 negligible offset or eccentricity in the relative positions 
of the information recording layers, by 5') into a data re- 
cording area. This is preferable in order to expand the 
data recording area. 

IP191] The infonnationforcalculating theoptimum re- 
so cording conditions In the test recording area are record- 
ed in a specific area of one of a plurality of recorcirng 
infomialion layers. Acoordlngfy, even when the transmit- 
lance of tiie area of the first information recording layer, 
through whidi the laser light forrecording information In 
5S th e test recording area of the second infonnation recofd- 
irtg layer passes, is different from the transmlttance of 
the area of the first reconding infonnation layer, through 
which the laser light for recording infonnation in the re- 
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cording and reproduction area of the second information 
recording layer passes, accurate recording conditions 
can be calculated for one of the layers as long as the 
recording conditions of the othw layer can be obtained. 
As a result, a recording and reproduction apparatus for 
starting the optical Infonnation recording medium can 
immediately learn a method of calculation which is de- 
tamiined from the drffenence between the amount of 
light transmitted through an unrecorded state area and 
Xhe amount of light transmitted through a reoorxjod state 
area. Accordingly, accurate recording conditions can be 
obtained Immediately after the optical infomiatlon re- 
cording medium is mounted on the racording and repro- 
duction apparatus. 

[0192] Accordingtothisiredium, one of the reproduc- 
tion-only area and the recording and reproduction area 
of the first information recording layer includes an area 
through which laser light for recording Information in the 
recording and reproduction area of the second Informa- 
tion recording layer passes. The laser light for recording 
infotmatlon in the recording and reproduction area of the 
second infonnalion recording layer has passed through 
the reproduction-only area or the recording and repro- 
duction area. Accordingly, the laser light for recording 
information in tie recording and reproduction area of the 
second infomation recording layer is not influenced by 
the difference between the amount of light passing 
through the reproduction-only area of the first infomia- 
tion recording layer and the amount of light passing 
through the recording and reproduction area of the first 
infoimation recording layer. As a result, accurate record- 
ing conditions can be obtained using the recording and 
reproductbn area of the second inlbmiaiion recording 
layer. 

[01 93] The area of the first information recording lay- 
er, through which the laser light for recording infonnation 
in the recording and reproduction area of the second in- 
fonrtation recording layer passes, extends outward from 
an outer end of an area of the first information recording 
layer corresponding to the rscoreling and repreduetfon 
area by a lengSi 8, the length 5 being ropresontod by: 

8 = d-tan(sin"''NA/n)). 

where d is a distance in a thickness direction between 
the first Information recording layer and the second in- 
fonnation recording layer n is a refractive index of the 
separation layer; and NA is a numerical aperture of an 
objective lens for focusing the laser light to the test re- 
cording area. 

[0194] The area of the first information recording lay- 
er, through which the laser light for recording infonnation 

in the recording and reproduction area of the second in- 
fonnation recording layer passes, extends outward from 
the outer end of the area of the first infonnation record- 
ing layer corresponding to the recording and reproduc- 
tion area by a length 5', the length S' beirKj r^resented 



by: 



S' = d-tan(sin ■'(NA/n)) + 5m 

where Sm is a maximum positional offset distance be- 
tween the first infbmnation recording layer and the sec- 
ond infonnation recording layer. 
[0195] In an optical inforniation recording and r^ro- 
duction medium according to the present invention, the 
size of the reproduction-only area of the first information 
recording layer can be zero, such that an area influ- 
enced by the reproduction-only area of the first informa- 
tion recording layer is minimized at the time of recording 
in the recording and reproduction area of the second in- 
fonnation recording layer. Thus, infonnation can be re- 
corded accurately on the second infonmation recording 
layer. 

[0196] Owingto this medium, the necessity of fonning 
a phase pit in the reproduction-only area at the time of 
production of the first information recording layer is elim- 
inated. Thus, the production process of the disc sub- 
strate can be simplified. 

[0197] The lead-in areas or the lead-out areas of cor- 
responding inforniation recording layers include a first 
test recording area, a recording and reproduction area, 
and a second test recording ansa. Therefore, recording 
condlfions of different information recording layers can 
be obtained with only the lead-in areas or the lead-out 
areas. lnthtscaBe,th6non-unifbrm light prevention area 
of the first infonnation recording layer includes an area 
of the first infoimation recording layerthrough which la- 
ser light for recording Infoimation in the test recording 
area of the second Information recording layer passes. 
[0198] The non-unifomi light prevention area is, for 
example, a reproduction-only area. 
[0199] The non-unifomi light prevention area is, for 
example, an area fomied of at least one of the group 
consisting of a reproduction-only area, a recording pro- 
hibited area, and a nrirror area. 
[0200] The area of the first infotmatlon recording lay- 
er, through which the laser llghtforrecording Infonnation 
in the test recording area of the second infonnation re- 
cording layer passes, extends outward from an outer 
end of an area of the first infonmation recording layer 
corresponding to the test recording area by a length 5, 
the length 5 being represented by: 

6 = d.tan(an"''(NA/n)), 

where d Is a distance in a thickness direction between 
the first Information recording layer and the second in- 
fonnation reconflng layer; n is a refractive index of the 
separation layer; and NA is a numerical aperture of an 
objective lens for focusing the laser light to the test re- 
cording area. 

[0201] The area of the first informatjoi recording lay- 
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er, through which the laser light for recording information 
in the test racordhg area of the second information re- 
cording la/er passes, extends outward from the outer 
end of the area of the first infonmation recording layer 
corresponding to the test recording area by a length 5', s 
the length & being represented by: 

5' = d.tan(sin"''(NA/n))4-5m 

where Sm is a maximum positional offset distance be- 
tween the first information recording layer and the sec- 
ond information recording layer 
[0202] Accordi ngty, even when there is a non-negligi- 
ble offset or eocenlridty irt the rdative positions of the is 
infomnation recording layers, accurate recording condi- 
tions for the second infonnation recording layer can be 
obtained at the time of test recording of the second In- 
formation recording layer, with no influence of the differ- 
ence in the amount ci light passing through the first in- so 
formation recording layer. 

[0203] According to the method of the present inven- 
tion, before information is recorded in the test recording 
area of the second information recording layer, informa- 
tion is stored in an area of the first informatton recording 
layer through which laser light for recording infomnation 
in the test recording area of the second infonnation re- 
cording layer passes. Accordingly, the laser light for re- 
cording information in the test recording area of the sec- 
ond information recording layer is not influenced by the a> 
difference in the amount of light which is caused by the 
first information recording layer having both a recorded 
state area and an unrecorded state area. As a result, 
accurate recording conditions can be obtained by test 
recording of the second information recording layer. 3S 
IP204] The area of the first infonnation recording lay- 
er, through which the laser light for recording information 
in the test recording area of the second information re- 
cording layer passes, e^aenda outward from an outer 
end of an area of the first infomnation recording layer 40 
corresponding to the test recording area by a length 5, 
the length 6 being represented by: 

6=d.tan(sin'''(NA/n)), 

wh«e d is a distance in athiclcness direction between 
the first infomration recording layer and the second in- 
formation recording layer; n is a refractive index of the 
separation layer; and MA is a numerical aperture of an so 
objective lens for focusing the laser light to the test re- 
cording area. 

[0205] The area of the first infonnation recording lay- 
er, through which the laser light for recording inf omiatron 
in the test recording area of the second infonnation re- ss 
cording layer passes, extends outward from the outer 
end of the area of the first Information recording layer 
cornesponding to the test recording area by a length 6* , 



the length 8" being repreEented by: 

S- = d.tan(sin"^(NA/n)) + Sm 

where 5m Is a maximum posltionai offset distance be- 
tween the first infomnatton recording layer and the sec- 
ond information recording layer. 
[020ej Owing to such a method, even when there is 
a non-negtiglbte offset or eocenti1<% in the rBlattve po- 
sitions of the infomnation recording layers, accurate re- 
cording conditions can be obtained at the time of test 
recording ofthe second information recording layer, with 
no Influence of the difference In the amount of light 
caused by the first infbmiation reeordmg layer having 
both a recorded state area and an unrecorded state ar- 
ea. 

paOT] The informatton which is recorded In advance 
may be, for example, Inforniation otitalned by modulat- 
ing dummy information. 

[0208] The infonnation may be recorded In advance 
by a certification step. 

[0209] According to the method of the present inven- 
tion, optimum recording conditions forthe second infor- 
mation recording layer can be calculated based on the 
function and/orthe state of the area of the first informa- 
tion recording layer through which the laser light for re- 
cording information in the test recording area of the sec- 
ond infonnation recording layer passes, 
ipai 0] The area of the first Infomnation recording lay- 
er, through which the laser I i ghtf orrecording inforn»tlon 
in the test recording area of the second inforniation re- 
cording layer passes, extends outward from an outer 
end of an ansa of the first Irfomnallon recording layer 
corresponding to the test recording area by a length 5. 
the length 5 beiig represented by: 

« = d.tanCsin"''[NArti)). 

where d is a distance in a thickness direction between 
the fist Information recording layer and the second in- 
forniation necording lay*-; n is a refractive index of the 
separation layer; and NA is a numerical aperture of an 
objective lens for focusing the laser light to the test re- 
cording area. 

[0211] The area of the first information recording lay- 
er, through which the laser llghtfor recording information 
in the test recording area of the second information re- 
cording layer passes, extends outwart from the outer 
end of the area of the first information recording layer 
corresponding to tiie test recording area by a length S', 
the length 5' being represented by: 

6' = d-tan(sffiVNA/n)) + 5m 
where 5m Is a maximum positional offeet distance be- 
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tween the first information recording iayer and the sec- 
ond infomation recording la/er. 
[0212] Owing to tills method, even when there is a 
non-negligible offset or eccentricity in the relative posi- 
tions of the Information recording layers, accurate re- s 
cording conditions can be obtained at the time of test 
recording of the second Information recording layer, 
based on the difference between the amount of light 
trarismltted through an unrecorded state area of the first 
information recording layer and the amount of light io 
transmitted through a recorded state area of the first in- 
fomnatlon recording layer 

[0213] it is preferable to record Information for calcu- 
lating the optimum recording conditions in a specific ar- 
ea of the optical information recording medium. IS 
[0214] Thus, even when the method of calculation is 
different medium by mediurn, the recording and repm- 
ductlon apparatus can immediately learn the method of 
calculation. Therefore, the time required foractuaiy re- 
cording information after the medium is mounted on the 20 
apparatus can be shortened. 

[0215] According to the optical information recording 
apparatus of the present invention, even when an area 
of the first info nnation recording layer, through which la- 
ser light for recording Infonnation in the test recording ^ 
area of the second Infonnation recording layer passes, 
includes an unrecoided state area, the laser light for re- 
cording infomiation in the test rscortfing area of the sec- 
ond Information recording layer reconls the information 
in the area of the first information recording layer, before 30 
recording the infcrmalion in the test recording area of 
the second infonnalion recording layer. Therafore, there 
is no Influence of the difference In the amount of light, 
caused by the laser light for recording infomnation in the 
test recording area of the second infomnation recording 35 
layer passing through an area inciuding both a recorded 
state area and an unrecorted state area. As a result, 
accurate recording condiflons for the second informa- 
tion recording layer can be obtained. 



Ctaims 

1. An optical Information recording medium, compris- 
ing: 45 

a first infonnation recording layer on which n- 
fomation is to be recorded by leser light; and 
a second information recording layer on which 
Information is to be recorded by the laser light so 
whidi has passed thraugh the first Infomnation 
recording layer, 

wherein: 

55 

the fir^t Information recording layer includes at 
least one of a reproduction-only area and a re- 
cording and reproduction area, 



the second information recording layerincludes 
a test recording area, and 
at least one of the reproduction-oniy area and 
the recording and reproduction area, and the 
test recording area Is located such that one of 
the reproduaion-only area and the recording 
and reproduction area includes an area of the 
first information recorting layer tJirough whbh 
(he laser light for recording infonnation In the 
test recording area passes. 

2. An optical infomation recording medium according 
to claim 1 , further comprising a separation layer for 
ssparating the first infomnation recording layer and 
the second infonnation recording layer from each 
other, 

wherein: 

the area of the flnst infonnation recording layer, 
through vfhich the laser light for recording infor- 
mation In the test recording area passes, ex- 
tends outward from an outer and of an area of 
the first information recording layer corre- 
sponding to the test recording area by a length 
6, the length 5 being represented by; 

5 = d-tan(sin'''(NA/n)), 

Where d is a distance in a thickness direction be- 
tween the first Infonnation recording layer and the 
second information recoreling layer; n is a refractive 
Index of the separation layer; and NA is a numerical 
aperture of an objective lens for focusing the laser 
light to the test recording area. . 

3. An optical information recording medium according 
to claim 2, wherein the second infonnation record- 
ing layer has a data recording area which extends 
from an end of the test recording area by at least 
the length S. 

4. An optical Infonnation reconJing medium according 
to claim 2, wherein the area of the first Information 
recording layer, through which the laser light for re- 
cording information in the test recording area pass- 
es, e>ctends outward from the outer end of the area 
of the first infomnation recording layer oorrespond- 
ing to the test recording area by a length S, the 
length 8' being represented by: 

5' = dtan(8in"''(NA/n)) + Sm 

where Sm Is a maximum positional offset distance 
between the first Information recording layer and 
the second information recording layer. 



EP1 318 509A1 



5. An optical information recording medium according 
to claHTi 4, wherein the second information recard- 
irg layer includes a data recording area whicli ex- 
tends from the end of the test recording area by at 
least th9 length 5'. s 

6. An optical Information recording medium, compris- 
ing: 

a first information recording layer on which in- io 
formation is to be recorded by laser light; and 
a second infoimation recording layer on which 
information is to be recorded by the laser light 
which has passed through the first infomiation 
recording layer, 15 



the first infonmation reoording layer Includes a 
prescribed area, 20 
the second information recordng layer includes 
a test recording area, 

the prescribed area and the test recording area 
are located such that the prescribed area in- 
cludes an area of the first infomiation recording as 
layertlifDugh which the laser light for recording 
information In the test recordng area passes, 
and 

the prescribed area Is entirely In a recorded 
state or entirely In an unrecorded state. si; 

7. An opticai information recording medium according 
tocle&Ti 6, wherein the prescribed area, when being 
in an unrecorded state, is a recording prohibited ar- 



8. An optical information recording medium according 
tociafrn 6, wherein the prescribed area, when being 
in an unrecorded state, ie a mlmor area. 

9. optical infomiation rscordtng medium according 
to claim 6, wherein Hie prescribed area, when being 
in an mrecorded state. Is a lead-in area. 

10. An opticai information recording medium according 45 
to claim 6, further comprising a separation iayerfor 
separating the first infomiation recording layer and 
the second infbrniation recording layer from each 
other, 



the area of the first infomiation recording layer, 
through which the laser light for reoording infor- 
mation in the lest recording area passes, ex- 
tends outward from an outer end of an area of ss 
the first infonmation recording layer corre- 
sponding to the test recording area by a length 
5, the length 5 being represented by: 



5 = dtan(sin"''(NA/n)), 

Where d is a distance in a thickness direction be- 
tween tiie first Information recording layer and the 
second infomnation recording layer; n is a refractive 
index of the separation layer; and NA is a numerical 
aperture of an objective iens for focusing the laser 
light to the test recording area. 

11. An optical infonmation recording medium according 
to claim 10, wherein the second infonmation record- 
ing layer has a data recording area which extends 
from an end of the test recording area by at least 
me length 5. 

12. An optical infomiation recording medium according 
to dalm 1 0, wherein the area of the first info nnation 
reoording layer, through which the laser light for re- 
cording infonmation in the test recording area pass- 
es, extends outwanJ from the outer end of the area 
of the first information recording layer correspond- 
ing to the test recording area by a length 5, the 
lengfli B" being represented by: 

6' = d-tan(sin'''(NA/n)) + 6m 

where fim is a maximum positional offset distance 
between the first information recording layer and 
the second infonmalion reoording layer. 

13. An opttcal information recording mecium accorting 
to claim 12, wherein the second infoimab'on record- 
ing layer includes a data recording area which ex- 
tends from the end of the lest recording area tjy at 
leastthe length S. 

14. An optical infonmation recording medium, compris- 
ing: 

a first infonmation recordir^ layer on which in- 
fonmation Is to be recorded by laser light; and 
a second infomnafion reeording iayw on which 
information is to be recorded by the laser light 
which has passed throucfi the first infonnation 
recording layer, 

wherain: 

the first infonmtlon recortlng layer includes a 
test recording area and a recording and repro- 
duction area, 

a light transmittance of an area of the first infor- 
mation recording layer, through wiiich the laser 
light for recording information in the test record- 
ing area passes, is different from a light trans- 
mittance of an area of the first infomiatbn re- 
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cording layer, through which the laser light for 
recoriding information in the recording and re- 
production area passes, and 
information for calculating an optimum record- 
ingcondltion of at least one of the test recording s 
area and the recording and leproduction area 
ie recorded in a spectflc area of either the first 
information recotding layer orths eeoond infor- 
mation recording layer. 

10 

15. An optical infoimation recording medium, compris- 
ing: 

a first infotmation recording layar on which in- 
fcmiation is to be recorded by laser light; and 's 
a second Infotmation recording layer on which 
information is to be recorded by the laser light 
which has passed tiirough the first infomation 
reconding layer, 

£0 

wherein: 

the first infoimattan recording layer includes at 
least one of a reproduction-only area and a first 
recording and reproduction area, 25 
the second information recording layer includes 
a second recording and reproduction area, and 
at least one of the reproduction-only area and 
the first recording and raproducHon area, and 
the second recording ami reproduction area 30 
are located such that one of the reproduction- 
only area and the first recording and reproduc- 
tion area Includes an area of the first Infonma- 
tlon recording layer through which the laser 
light for recording information in the second re- 3S 
cording and reproduction area passes. 

16. An optical information recording medium according 
to claim 15, further comprising a separation layer 

for separating the first infonnatlon recording layer -«» 
and the second irtfomiation recording layer from 
each other, 
wherein; 

tlie area of the first infonnation recording layer, 4S 
through which the laser light for recording infor- 
mation in the second recording and reproduc- 
tion area passes, extends outward from an out- 
er end of an area of thefirst information record- 
ing layer corresponding to the second record- so 
Ing and reproduction area by a length 5, the 
length S being represented by; 

S = d.tan(sin'''(NA/n)), 55 

where d is a distance in a thickness direction be- 
tween the first infomnation recording layer and the 



second information recording layer; n is a refractive 
index or the separation layer and NA is a numerical 
aperture of an objective lens lor focusing the laser 
lightto the second recording and reproduction area. 

17. An optical information recording medium according 
to claim 1 6, wherein the area of the fitsl information 
recording layer, through which the laser light for re- 
cording infomnation in the second recording and re- 
production area passes, extends outward from the 
outer end of the area of thefirst infotmation record- 
ing layer corresponding to the second recording 
and rGproduclion area by a length 8', the length S' 
being represented by: 

S' = dtan(sin"^(NA/n)) + 5m 

where Sm is a maximum positional olliset distance 
between the firet information recording layer and 
the second information recording layer. 

18. An optical infomnation recording medium according 
to claim 1 5, wherein a size of the reproduction-only 
area of the first infonnation recording layer is zero. 

19. An optical information recording medium, compris- 
ing: 

a first information recording layer on which In- 
formation is to be recorded by laser ligh^ 
a second infonnation recording layer on which 
Infonnation is to be recorded by the laser light 
which has passed through the first Information 
recording layer; and 

a separation layer for separating the first infor- 
mation recording layer and the second informa- 
tion recording layer from each other. 

wherein: 

the first information recording layer includes at 
a first test recording area and a non-unifonn 
light prevention area, 

the second infonnation recording layer includes 
a second test recording area, and 
the non-unifonn light prevention area, the first 
test recording area and the second test record- 
ing area are located, such that a distance be- 
tween the first test recording area and the sec- 
ond test recordiig area is greater than a length 
6, and such ttiat the non-unifonn light preven- 
tion area Indudes an ares of the first informa- 
tion reoordlng layer through which the laser 
light for recording information in the second test 
recording area passes, the length 6 being rep- 
resented by; 
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6=d.tanCsin'^NA/n)), 

Where d is a ciistanoe in a thickness direction be- 
tween the first tmoirnatlon recording layer and the s 
second information recording layer; n is a refractive 
index of the separation iayw; and IMA is a numerical 
aperture of an objective lens for focusing the laser 
light to the second test recording area. 

10 

20. An optical information recording medium according 
to claim 19, wherein: 

the first infotrnation recording layer includes at 
least one of a first lead-in area and a first lead- is 
out area, 

thesecond infonnation recording layerinciudes 
at least one of a second lead-in area and a sec- 
ond lead-out area, and 

the first lead-in area and the second iead-in ar- so 
ea respectively include the first test recording 
area and the second test recording area, or the 
first lead-out area ard the second lead-out area 
respectively includethe first test recording area 
and the second test recording area. 25 

21 . An optical information recording medium according 
to ctaina 19, wherein the non-uniform light preven- 
tron area of the first irformsilon recording layer is a 
reproduction-only area. so 

22. An optical infonnation recording medium according 
to claim 19, wherein the non-uniform light preven- 
tion area is an area (ormed of ai least one of the 
group consisting of a reproduction-wiiy area, a re- ss 
cording prohibited area, and a mirror area. 

23. An optical informalion recording medium according 
to daim 19, wherein the area of the first Information 
recording layer, through which the laser light for re- 40 
cording information In the second test recording ar- 
ea passes, extends outward from an outer end of 

an area of the first information recording layer cor- 
responding to the second test recording area tiy a 
length S', the length 5* being represented by: 4S 

6' = dtan(sln"^(NA/n)) + Sm 

where 5m is a maximum positional offset distance so 
between the first information recording layer and 
the second infomiation recording layer, 

24. An optical infonTiation recording medium according 

to claim 22, wherein the area of the first infonnation ss 
recording layer, through which the laser light for re- 
cording information In the second test recording ar- 
ea passes, extends outward from an outer end of 
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an area of the first infomiation recording layer cor- 
responding to the second test recording area by a 
length S", the length 5' tieing represented by: 

5' = d-tan{sln'^ (NA/n)) + Sm 

where Sm is a maximum positional offset distance 
between the first infonnation recording layer and 
the second information recording layer 

25. An optical infomnation recording method for an op- 
tical information recording medium including a first 
infonnation recording layer or which infonnation is 
to be recorded by laser light; and a second informa- 
tion recorcfing layer on which Infonnation is to be 
recorded by the laser light which has passed 
through the first information recording layer, 

wherein: 

the first Information reconJing iayer includes at 
least one of a reproduction-only area and a re- 
cording and reproduction area, and 
thesecond Information recording layerinciudes 
a test recording area, 

the optical information recording method com- 
prising the steps of: 

recording Infonnation, in advance, in an ar- 
ea of the first infonnation recording layer, 
through which the laser light for recording 
infomnation In the test recording a-ea Is to 
pass; and 

recording the Information in the test record- 
ing area after the stqj ot recording the In- 
fonnation in advance. 

26. An optical information recording method according 
to rfalm 25, further comprising a separation layer 
for separating the first infonnation recording layer 
and the second infonnation reooniing layer from 
each other, 

wherein: 

the area of the first Information recording layer, 
through which the laser light for recording infor- 
mation In the test recording area passes, ex- 
tends outward from an outer end of an area of 
the first Infomrtatbn recording layer corre- 
sponding to the test recording area by a length 
6, the length S being represented by: 

S = d.tan (sin"'' (NA/n)). 

where d is a distance in a thickness direction be- 
tween the first information recording layer and the 
second information recording layer; n is a refractive 
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index of theseparatlon layer; and NA is a numarrcal 
aperture of an objective lens lor focusing the laser 
light to the test recording area. 

27. An optical Information recording meihod according s 
to clani 26, wherein the area of the first information 
recording layer, through which the laser light tor re- 
oording information in the test recording area pass- 
es, extends outward from tlie outer end of the area 

of the first infoimation recording layer coniespDnd- '0 
ing to the test recording area by a length 8', the 
length being represented by: 

6" = d-lan{sin''' (NA/n)) + Sm ,5 

where Sm is a maximum positional offset distance 
between the first infonnatbn recording layer and 
the second infonnation recording layer. 

20 

28. An optical information recording method according 
to claim 25, wherein tlie Inrormation which is record- 
ed In advance Is Infonnation obtained by modulat- 
ing dummy information. 

25 

29. An optical information recording method according 
to claim 25, wherein the step of recording the infor- 
mation in advance includes thestep of recording us- 
ing a certification step. 

30 

30. An optEcal infonnation recording method for an op- 
tical information recording medium including a firet 
infonDation recording layer on which information is 
to be recorded by laser light; and a second infonna- 
tion recording layer on which infonnation is to be 3s 
recorded by the laser light which has passed 
through the first infonnation recording layer. 

wherein: 

the first Information recording layer Includes at 40 
least one of a reproduction-only area and a re- 
cording and reproduction area, and 
thesecond infoimation recording layer includes 
a test recording area, 

the opHcal information recording method com- -ts 
prising the steps of: 

determining whether an area of the first In- 
formation retjording layer, through which 
the laser ligiit for recording infonnation in so 
the test recording area passes, is an area 
of one of the reproduction-only area and 
the recording and reproduction area which 
is an unrecorded state or an area of the re- 
cording and reproduction area which is in 55 
a recorded state; 

executing test recording in the test record- 
ing area so as to obtain a recording condi- 



tion; ar>d 

calculating an optimum recording condition 
for the second information recording layer 
based on the result of the detemiination 
and the obtained recording condition. 

31. An optical information recording method according 
to claim 30, wherein: 

the optical information recording medium fur- 
ther Includes a separation layer for separating 
the first infonnation recording layer and the 
second infonnation recording layer from each 
other, and 

the area of the first information recording layer, 
through which the laser light for recording infor- 
matbn in the test recording ares passes, ex- 
tends outward from an outer end of an area of 
die first information recording layer corre- 
sponding to the test reconJing area by a length 
5, the length 6 being represented by; 

S^d-tanlsin'^NA/n)), 

where d is a distance in a thickness direction be- 
tween the first information recording layer and the 
second information recording layer; n Is a refractive 
index of the separation layer; and NA is a numerical 
aperture of an objective lens for focusing the laser 
iightto thesecond recording and reproduction area. 

32. An optical infonnation recording method according 
to claim 31 , wherein the area of the first infomnation 
recording layer, through which the laser light far re- 
cording information in the test recording area pass- 
es, extends outward from the outer end of the area 
of the first infonriBtion recording layer conespond- 
ing to the test recording area by a length S', the 
length S being represented by: 

5' = d-tan(sin'VNA/n)) + Sm 

where 5m is a maximum positional offset distance 
between the first infonnation recording layer and 
the second information recording layer 

33. An optical infonnation recording method according 
to claim 30, wherein the infomiatfon for calculating 
the optimum recording condition is recorded in a 
specific area of the first infomnation recording layer 
and the second infonnation recording layer. 

34. An optical information recording ^paratus for an 
optical information recorcfing medium including a 
first infomnation recording layer on which infomna- 
tion is to be recorded by laser light and a second 
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infomnation recording layer on which information is 
to be recorded by the laser light which has passed 
through the first information recording layer, 

wherdn the second infomnation recording lay- 
er Includes a test recording area, s 

the optical information reoorcEng apparatus 
comprising: 

an interference area determination section for 
detemiin ing en area of the first Inf onnation re- io 
cording layer through which the laser light for 
recording information in the test recording area 
passes; 

a recorded/unrecorded state determination 
section fordetennlnlngwhetherthearea of the is 
first infomatlon recording layer, through which 
the laser light for recording information in the 
test recording area passes, is in a lecorded 
state or in an unrecorded state; and 
a recording secdon for recording a signalln tfie 20 
area of the first infomiation recording layer, 
througfi which the laser light for recording infor- 
mation in the test recording area passes, based 
on the results of the detenninatfon of the inter- 
ference area detemiination section and the re- ss 
corded/unrecorded state determination sec- 
tion. 
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